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THE BENEFICIAL EFFECTS OF BARIUM CHLORID 
ON ADAMS-STOKES DISEASE 

REPORT OF THREE CASES 
ALFRED E COHN, MD 

AND 

S A LEVINE, MD 

BOSTON 

It frequently happens in the course of complete heart block that 
attacks of syncope appear associated with standstill of the ventricles 
These are the classical attacks known as the Adams-Stokes syndrome 
It appears to be a fact that the seventy of the attacks depends on the 
duration of the ventricular asystole It has been reported ^ that the 
subcutaneous injection of epinephrm can do away with such attacks, but 
as the effect of epinephrm geneially lasts a very short time, it does not 
seem likely that the recurrence of attacks is thus prevented Epinephrm 
failed to prevent the reappearance of syncope in one of the cases reported 
here However, no method has been proposed so far for dealing directly 
with these attacks m the sense of diminishing their frequency or pre- 
venting them This has been accomplished m the following three cases 
b)’’ the oral administration of barium chlorid 

The periods of standstill are presumably due to the fact that the ven- 
tricles, for the moment, contain no mechanism for initiating stimuli 
On account of the existence of complete heart block, they can, of course, 
receive none from the auricles It occurred to us, therefore, m complete 
heart block, to make use of the knowledge gamed m animal experiments 
that calcium or barium tended to increase the irritability of the ventricles 
as indicated by the development of numerous ectopic ventricular beats 
or \ entncular tachycardia - The same effect has been obtained in the 
experimental animal as a result of baiium chlorid, even when complete 
heart lilock is pioduced by clamping the bundle of His ® If this were so, 

From the hospital of the Rockefeller Institute for Medical Research and 
the medical clinic of the Peter Bent Brigham Hospital 

1 Phear, A G, and Parkinson, J Adrenalin in the Stokes-Adams Syn- 
drome, Lancet 1*933 (May 13) 1922 

2 Rothberger, C J, and Winterberg, H Ueber die experimentelle 
Erzeugung cxtrasystolischer ventrikularer Tachycardie durch Accelerausreizung, 
Arch f d ges Physiol 142 461, 1911 

3 Van Egmond, A A J Ueber die Wirkung einiger Arzneimittel beim 
vollstandigcn Herzblock, Arch f d ges Physiol 154 39, 1913 
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the ^entrlcles, because of the increased irritability, either through some 
new ectopic focus oi b} the action of barium on the idioventricular pace 
maker, v ould not permit a long pause of inactivity to occur In three 
patients suflenng from Adams- Stokes disease, whose histones are here 
reported, the attempt vas made to observe whether an effect compa- 
rable to the one observed in experiments might be obtained Accord- 
ingly, we decided to administei barium chlond, m doses of 30 mg , 
three or four times a da) b> mouth 

In considering the efficac} of the use of barium in this condition, it 
IS necessary to compare its action with that of other agents commonly 
employed to relieie states like this In Case 1, atropin was injected 
not only without eftect, but, on the contrary, it was followed by aggra- 
vation of the patient’s condition In the other two cases, its use was 
without influence Digitalis in adequate doses was administered in the 
first case with the view to improving, in a general way, the circulation 
of this patient Mild attacks of the syndrome were already present wdren 
the first dose was given During the second day of treatment, the number 
and severit} of the attacks increased decidedly, so that the conclusion 
was natural that the effect of digitalis was harmful In the other twm 
cases, the giving of digitalis was without effect In Case 1, the inhala- 
tion of amyl nitrite gave relief temporarily, in the other two cases, it 
was not used Epmephrin was given in Cases 2 and 3 In each instan^'e, 
it i\as planned in case of need to give epmephrin, 0 5 c c (1 1,000 solu- 
tion), directly into the heart This was not necessary in Case 2, since 
the attacks were of short duration, although frequent intramuscular 
injections were made For about one hour after intramuscular injec- 
tions, the patient would remain free from attacks of syncope, but soon 
afterward he ^vould be liable again to periods of ventricular standstill 
Patient 3 suffered from \iolent attacks pauses of the heart lasting from 
three to four minutes were observed During such a major attack, 
an electrocardiogram was taken, which shorved that the ventricles fibril- 
lated during a period of about two minutes, followed by a period lasting 
another minute and a half in which the ventricles failed to give rise to 
any action detectable in the curves During these long seizures, 0 5 c c 
of epmephrin nas injected directly into the heart, and after a few sec- 
onds the heart began to beat 

Since the use of these agents did not prevent the recurrence of the 
attacks, we resorted to the administration of barium chlond The effect 
of Its action was striking in all three cases The attacks, which had per- 
sisted until banum chlond was given, ceased entirely on the day on 
uhich It ivas started The effect, m Case 1, was extraordinary Previous 
to the administration of barium chlond, the patient’s condition had 
constantl} become \\orse until, on the day on which it was started he 
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lesembled patients in the status epilepticus He was passing in and out 
of attacks of syncope constantly, being conscious only about one-half the 
tune The day following the giving of barium chlond, there were no 
inoie attacks or long pauses, although complete heart block peisisted 
Although barium chlond was given by mouth m doses of 30 mg three 
times a day for only two days, he remained free from attacks foi some 
weeks Theie was a similar direct relationship between the cessation of 
attacks and the administration of barium chlond m the other two cases 
All three patients left the hospital free from attacks 

REPORT OF CASES 

C^SE 1 — B B , a man, aged 55, was admitted m December, 1916, to Rocke- 
feller Hospital, complaining chiefly of pain across the chest and m the head, 
fainting spells and “hot flashes ” There was nothing of significance in the 
family history The patient had suffered from measles when a child, but from 
no other infectious diseases In the summer months, he had hay-fever He 
complained of no symptoms referable to the ciiculation before the onset of 
this illness, and appeared to have been m good health 

The illness for which he came to the hospital began in February, 1914, when 
his complaint was that there were blue spots before his eyes These would come 
on with exercise, such as walking Dizziness occurred at the same time and 
disappeared on resting In 1915, he was free of this complaint In May, 1914, 
he fell unconscious on the floor and remained so for a short time A similar 
attack occurred next day but none after that In January, 1914, he began to 
complain of “flashes of heat” over the body Such attacks recurred at frequent 
intervals, once a week or oftener, and lasted a few seconds In July, 1915, he 
began to complain of precordial pain, which was constant, severe and persistent 
In August, 1914, and again in August, 1915, there were attacks of vomiting of 
two days’ duration For several years there had been cramps of the calves of 
the legs, which were worse at night, but which did not appear to bear any rela- 
tion to exercise His physician stated that he had noticed pulse rates as slow 
as 9 a minute, and that, about a year before admission, the rate fluctuated 
between 120 and 24 a minute At this time, the rhythm was irregular, about 
30 a minute 

The patient was not short of breath, at least, in bed He was pale but not 
cyanotic The eyes were prominent A positive Graefe sign was present The 
tonsils were small and atrophic The superficial lymph nodes, the thyroid gland, 
lungs and abdomen, except for the liver, were without abnormality The heart was 
enlarged, measuring 3 8 cm in the fourth space on the right side and 14 5 cm 
on the left side in the sixth space The point of maximal impulse of the apex 
was in the fifth space, 13 cm from the middle line The rate was slow, about 
30 a minute The respirations were irregular, seven long deep breaths being 
followed by three smaller ones, after which a pause ensued The liver was not 
felt, but there was dulness on percussion, to 13 5 cm below the free border of 
the ribs The retinal vessels were tortuous The urine was normal The 
Wassermann reaction was negative There was no edema It was clear that 
the patient was suffering from heart block, and this diagnosis was confirmed 
on examining the electrocardiograms The auricles were fibnllating Because 
of this fact, atropin, 1 2 mg , was injected subcutaneously The blood pressure 
(Dec 22, 1916) before the injection was 240 systolic and 96 diastolic After- 
ward, it fell to 200 systolic and 80 diastolic 

On a subsequent occasion (Jan 4, 1917). atropin, 2 4 mg, was injected sub- 
cutaneously On this occasion, the blood pressure showed no change After 
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the injection of atropin the heart rate did not rise At that time, the blood pres- 
sure reading with a Gaertner tonometer was 160 The difference in height between 
his brachial and tonometer pressures was about 75 mm , so that the brachial 
pressure was probably approximately 235 mm , a level about average for him 
During the course of the atropin test, the “hot flashes” of which he complained 
on admission reappeared When these occurred, there were long intermissions in 
the pulse January 9, there were many “hot flashes,” one very severe, in 
which the patient became unconscious Before these “flashes,” there was paleness 
of the face and neck The eyes became fixed and the pupils wide The lids 
then closed for a short time When they reopened, it was seen that the eyes 
were rolled quickly upward and to the right, jerking two or three times There 
was twitching at the left corner of the mouth The attack lasted from ten to 
fifteen seconds It was not until asystole had persisted for about eight seconds 
that the rolling of the eyes took place The patient was given barium chlorid 
in doses of 40 mg, three times a day for two days (January 12 and 13) On 
the morning of January 13, the severe attacks of circulatory disturbance ceased 
and did not recur The patient left the hospital, February 9, improved 

The difficulty of arriving at an understanding of the nature of the cardiac 
mechanism in this case w'as due to the fact that the ventricular rhythm w'as 
irregular It w^as for this reason, as well as on account of the slow rate, that 
the atropin tests were given These injections failed, how^ever, to bring about 
an increase in the rate of the ventricles This failure was in all probability not 
due to inactivity of the atropin because the other signs of atropin action, such as 
flushing, dryness and dilatation of the pupils w'ere present Aside from the 
minor complaints, such as headache, sleeplessness and anorexia, he suffered, 
between January 1 and 13, from innumerable syncopal attacks, one of wdiich 
has been described Some of these were short, others were counted w'hich lasted 
as long as sixty seconds, and some were even longer than this Other attacks 
were short, coming one directly after another, so that the patient gained the 
impression that he w^as ha\mg one a minute In any event as many as five or 
SIX were counted m a period of ten minutes The patient usually anticipated 
the onset of an attack by feeling a sensation of heat, beginning in his feet and 
graduallj mounting upw'ard In addition, one observed the alternate ashy graj - 
ness and flushing of his face At the time of the attacks and also later there 
W'as pain in the precfordium 

The remedies that w'ere used have already been enumerated The effect of 
barium chlorid has been stated An analysis of the electrocardiograms w'as 
difficult on account of the many forms of the ventricular complexes There 
appeared to be at least tw'O distinct foci for stimulus production m the ventricles 
After a long pause, it usually happened that the new rhythm was initiated by 
an ectopic beat (Fig 1) For the most part, after a single initial ectopic beat, 
a return to the usual form w'as observed Occasionally, there was a repetition 
of this beat The inference that was drawn w'as that the usual source of stimulus 
production in the ventricles underwent what may vaguely be called fatigue 
The heart then stood still until the ectopic focus stepped m and averted perma- 
nent standstill and death, or within a period not too long the rhythm was taken 
up at the usual sites One might expect a difference in rate between the rhythm 
initiated at the usual and at the ectopic foci, but this was not the case 

After returning to his home, the patient began again to have frequent attacks 
The suggestion w'as then made that he take calcium lactate, 1 gm , three times 
a day After this treatment was begun, his physician reported that the attacks 
ceased, that he had no pain, and that his chief complaint was shortness of 
breath The pulse rate was 30 Death was sudden, November 10, when the 
patient was returning to bed after a bowel movement No necropsy was 
obtained 

Case 2 ^A S R, a man, aged 32, who first came under observation, Oct 15 
1923, ga\e as the chief complaints, dyspnea on exertion, dizziness and attacks 
of faintness 
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The patient’s father and mother were living and well, at the age of 70 He 
had one sister, aged 43, alive and well There had been no deaths in the family 
His child sutfered from asthma, and was sensitive to egg and fish 

The patient had had a severe attack of diphtheria at the age of 4 and was given 
antitoxin There was no history of rheumatic fever, chorea, pneumonia, typhoid 
fever, growing pains, sore throat or tonsillitis The tonsils had not been operated 
on He had always been strong and well He played a considerable amount 
of golf 

A year before the patient came under observation, the patient was known to 
have a normal heart rate He had been active in athletics, and had been captain 
of the football team in college More recently, he had been the local champion 
golfer The heart rate, August 7, was about 35 The basal metabolism was 
— 7 per cent The patient was m good health until nine months before, when he 
first noticed that he became dyspneic when going up hill and on climbing stairs 
Shortly after this, he commenced to have periods of dizziness and, on rare 
occasions, would lose consciousness for perhaps one or two seconds These 
usually occurred after exertion, and before rather than after eating He became 
nervmus and apprehensive as a result For many years, he had known that he 










jfpr JV 



1 

1 I 

Fig 1 (Case 1) — Complete aunculov'^entricular dissociation (complete heart 
block) , fibrillation of auricles in Leads I, II and III At the beginning of each 
curve are shown two ventricular beats , then follow long periods of quiescence, 
the longest being in Lead III and measuring 3 32 seconds The pauses are 
interrupted in Leads I and III by a single ectopic contraction and in Lead II 
by two ectopic contractions The rqte of the ectopic beats shown in Lead II 
IS slower than that of the mechanism usual at this time The dominant v’^entric- 
ular rhythm is irregular These curves are interpreted as illustrating failure of 
impulse formation in the ventricles, the circulation being maintained during 
failure by the assumption of this function by another focus This conclusion is 
adopted after the study of many other curves similar to these taken from this 
patient The injection of atropin, on several occasions, failed to alter the degree 
of block by increasing the ventricular rate, that is to say, irregularit}'’ is not 
due to fibrillation of the auricles, which coexisted Records exist in which 
periods of quiescence as long as nineteen seconds were photographed Still 
longer ones were observed of which no records were made 


was sensitive to fish, and at times reacted to it with attacks of spasmodic asthma, 
marked by dyspnea and wheezing, urticaria and edema in the throat Certain 
kinds of dust also would occasion attacks of asthma He found that epinephnn 
usually gave him relief 
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The patient looked somewhat sallow The pupils were dilated, equal, 
circular, and reacted normally to light Both tonsils were enlarged and ragged, 
but showed no exudate There uas no general glandular enlargement The 
lungs showed no dulness, bronchial breathing or rales On palpation and 
percussion, the heart was slightly enlarged, measuring 1 cm outside 
the nipple line, 12 cm to the left of the midline There was no thrill Auricular 
beats were definitely heard during the long diastole and, synchronously with 
these, waves in the veins of the neck were to be seen The intensity of the first 
sound at the apex changed occasionally, becoming snapping, muffled or 
reduplicated There was a slight systolic murmur at the apex, which was less 
well heard at the base There was no diastolic murmur The heart action was 
slow and regular, with an occasional lengthening of the diastolic pause The 
heart rate vas 30 a minute The blood pressure was 122 systolic and 55 
diastolic The abdomen was negative, except for slight tenderness in the 
gallbladder region There was no peripheral edema The electrocardiograms 
showed complete heart block with ventricular complexes that indicated defective 
conduction within the ventricles (Fig 2) The Wassermann reaction was 
negative 

In October, 1923, a roentgenogram of the heart, taken at a distance of 7 
feet (17 7 cm), showed moderate cardiac enlargement with no abnormalities 
in the contour The measurements were as follows To the right of the 
medial line, 5 cm , to the left, 9 7 cm , and the great vessels, 5 8 cm The 
internal diameter of the chest was 26 3 cm The roentgenograms of the kidney 
and gallbladder areas showed the kidne>s to be apparently normal in size, 
shape and position There was no evidence of calculi 

October 18, the urine was yellow, clear and acid The specific gravity was 
1 015 There was no sugar There was no albumin The sediment showed 
no casts, blood or pus 

October 29, in the phenolsulphonephthalein test, 48 per cent of the drug 
was excreted in two hours and ten minutes The vital capacity of the lungs 
was 4,400 c c The weight was 75 kg The height was 5 feet 9J4 inches 
(176 5 cm) The S 3 stolic blood pressure was 12 8 mm of mercury, the 
diastolic, 60 

During his stay of five weeks at the Peter Bent Brigham Hospital, he had 
no fever He gained 2 6 kg in weight The fluid intake and output were 
normal The bowels were normal The pulse rate was slow, generally ranging 
from 20 to 35 a minute October 16, he was given 1 mg of atropin sulphate 
subcutaneously, and the heart rate remained constantly at 30 for an hour 
following the injection October 17, he was given 2 mg of atropin sulphate, 
and the heart rate remained constantly at 29 to 30 October 19, 0 5 c c of epi- 
nephrin (1 1,000) was given subcutaneously Following this, the patient felt 
uneasy and somew'hat faint At this time, the heart rate was 21 During the 
following hour, the rate rose to 30 and 34 

A. few^ daj's after his admission to the hospital, long pauses began to inter- 
rupt the usual rhythm At the same time, attacks of dizziness or complete 
loss of consciousness occurred Pauses of from five to ten seconds and occa- 
sionallj of from twelve to fifteen seconds were frequently noted (Fig 3) The 
patient became very apprehensive, and the situation somewhat critical It 
was found that preceding these spells, for a period of about half an hour, the 
pulse would be 20 or 22, rather than 30, and even wnth this slow rate, sudden 
pauses of about four seconds w'ere frequent If epinephrm (1 1,000) in doses 
of from 0 3 to 0 5 cc w'as given subcutaneousl}% the pulse rate wmuld promptly 
rise and the dizziness disappear Five or ten minutes after the injection, the 
patient would notice that his heart w'as pounding more rapidly, and he wmuld 
become slighth nerious and warm Epinephrm was frequently given, and the 
administration appeared to prevent impending attacks of syncope, which 
seemed otherwise to accompany the long pauses of the heart beat Because 
there would be slower absorption of the subcutaneous injection during a long 



COHN-LEVINE—ADAMS-STOKES DISEASE 7 

pause of the heart, it was planned to in)ect epinephnn directly into the heart, 
if the pause lasted more than thirty seconds For this purpose, a hypoderim^ 
of epinephnn was kept constantly at the bedside 

October 21, the patient had slight convulsions in one of the attacks of 
unconsciousness A pause of ten seconds was noted During the next few daj's, 
the patient had frequent attacks, five or ten times a day, nhich varied in 



Fig 2 (Case 2) — Oct IS, 1923, complete heart block In this and in Figure 
4 are shown Leads I, II and III The time is marked below m one-fifth seconds 
The auricular rate is 75 and the ventricular, 30 



Fig 3 (Case 2) — October 17, Lead III This curve shows a ventricular 
pause of about seven seconds , the auricles continue to beat at a rate of about 79 


intensity, the lighter ones being associated with a feeling of faintness, the more 
severe ones being accompanied by convulsions He was receiving frequent 
doses of epinephnn during this time 

October 24, he commenced to take barium chlorid, 30 mg, by mouth, four 
times a day, followed in half an hour by subcutaneous injections of 0 3 cc 
of epinephnn On this day, he had no attack, but he occasionally felt slightly 
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dizzy This was the first occasion on which he had had no long pauses of the 
heart beat for the duration of a week The next day, he was again free from 
attacks, and his general condition improved very strikingly He was propped 
up in bed, and was able to feed himself Previous to this, he had been afraid 
to move for fear of precipitating an attack 

October 26, the dose of epinephnn was reduced from 0 3 c c four times 
a daj" to 0 2 cc four times a day He had no attacks, October 27 October 
28, the dose of barium chlorid was diminished to 15 mg , four times a day, 
followed in half an hour by 0 2 c c of epinephnn He had no attacks on this 
day or on the 29th 

October 30, he had one attack of faintness at 8 10 a m , during which 
there was a pause of 6 seconds Epinephnn was given immediately after this 
attack, but was omitted during the rest of the day He had no attacks for the 
next two days November 1, he received neither barium nor epinephnn The 
next day, he was allowed to sit in a chair for fifteen minutes This occasioned 
him no discomfort He had no attacks on this and the two following da>s 
November 5, the effect of an epinephnn nasal spray, 1 1,000, was tried This 
produced a burning sensation in the nostrils, but no appreciable change in the 
heart rate 

November 6, it was decided to try the effect of full doses of digitalis, and 
digitalis leaves, 01 gm , was given four times a day from November 6 to 12, 
2 6 gm in all were given This did not seem to influence the rate, which 
remained at about 30 From the time he was allowed to sit in a chair, tlie 
patient’s activities were greatlj" increased, and finally he walked around the 
ward AMthout discomfort He had no further attacks during his stay in the 
hospital, has remained m excellent health for more than a jear since his dis- 
charge, and IS doing his ordinary work in an insurance business He has 
taken no barium since leaving the hospital and the complete heart block has 
persisted 

The diagnosis was Adams-Stokes syndrome, complete heart block and 
chronic myocarditis 

It seems rather striking that the attacks of unconsciousness and convulsions 
ceased abruptly the day he commenced to take barium chlorid, for they occurred 
frequently up to October 24 From then on, he had only one slight attack 
Atropin did not relieve the complete heart block Epinephnn always increased 
the ventricular rate slightlj’’, but this was temporary Full doses of digitalis 
seemed to have no appreciable effect on the mechanism of the heart beat 

Case 3 — A T H , a woman, aged 52, a school teacher, who was admitted 
to the Peter Bent Brigham Hospital, Dec 31, 1923, complained chiefly of 
attacks of unconsciousness 

There was nothing of significance in the family history 

The patient had had scarlet fever at the age of 4 Following this, she had 
had trouble uith the left ear and gradually lost hearing on that side Ten 
years before, the right ear gradually became deaf She had had diphtheria 
twice, at the ages of 6 and 7 There was some question as to the presence of 
parab^sis of the leg muscles, at the time of the attacks of diphtheria Following 
the second attack, she was unable to be up and around for about one year She 
had had tonsillitis at the age of 22 For about fifteen years, and continuing to 
four years before, she has experienced, at irregular intervals, frequent attacks 
of pain in the epigastrium, so severe as to require morphin for their relief The 
general nature of these attacks resembled gallstone colic 

For the last year, the patient has become increasingly short of breath and 
had had palpitation on exertion One year before admission, she suddenly 
fainted and fell to the floor She was unconscious for about five minutes 
Similar attacks had occurred frequently since then She could usually tell 
a few minutes before when an attack was coming on At times she almost lost 
consciousness but regained control of herself Her sister, who was a nurse, 
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had frequently tried to take her pulse during a spell but had been unable to 
feel it After an attack, the late was usually about 30 While she was 
unconscious, her muscles contracted convulsively The day before her first 
admission to the hospital, she lost control of her bowels and bladder during 
an attack This was the first time that this had occurred The attacks might 
occur as often as twice a day, or there might be periods of two or three weeks 
in which she was entirely free from them 

The height was 153 cm The weight was 76 kg The surface area measured 
1 74 sq mg The patient was a well developed, somewhat obese, middle-aged 
woman She lay comfortably in bed in a semirecumbent position The pupils 
reacted normally There was no glandular enlargement The throat showed 
no abnormality The left ear was totally deaf The patient could hear with 
the right ear only with the aid of an electrical apparatus The lungs were 
clear, there being neither bronchial breathing, dulness or rales The vital 
capacity of the lungs was 2,300 c c January 4, a roentgen-ray examination 



Fig 4 (Case 3) -—Jan 23, 1924, complete heart block The auricular rate is 
50 and the ventricular, 35 


of the chest, with the patient in bed, showed marked cardiac enlargement 
The lungs appeared mottled The apex impulse of the heart was seen and felt 
13 cm to the left of the midsternal line The supracardiac dulness in the first 
space measured 7 cm There was no thrill at either the apex or the base 
The heart rate was slow and irregular, being about 30 a minute The quality 
of the first sound changed in different cycles There was a fairly loud systolic 
murmur at the apex and a louder and harsher one in the aortic area There 
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was no diastolic murmur to be heard Distinct auricular waves were to be 
seen in the eins of the neck during the long pauses of the heart Pressure of 
the left and right vagus nerves produced no effect on the heart The Wasser- 
mann reaction was negative 

An examination of the stools showed nothing significant There was no 
sign of occult bleeding In the phenolsulphonephthalein test, 55 per cent of 
the drug was excreted The urine was clear and acid The specific gravity 
was 1 016 There was a slight trace of albumin There was no sugar The 
sediment showed a rare hyaline cast The hemoglobin was 100 per cent The 
red blood cell count was 5,056,000 The white blood cell count was 9,880 A 
stained smear showed a normal differential count The erythrocytes appeared 
normal The electrocardiograms showed complete heart block (Fig 4) 

On the evening of her admission to the hospital, the patient suffered from an 
attack of unconsciousness at 6 p m She gave a slight groan , her arms and 
legs became stiff, and her breathing ceased No pulse could be obtained, and 
no heart sounds could be heard over the precordium for about twenty seconds 
Then the heart suddenly began to beat slowl>, and almost immediately respira- 
tion began She then turned her head and was able to speak Jan 1, 1924, 
she was given 1 mg of atropin subcutaneously This caused no change in the 
mechanism of the heart beat Later the same day, she was given 2 mg of 
atropin This dose also was without effect During the next three days, a total 
of 1 9 gm of digitalis leaves was given by mouth which caused no appreciable 
change in the heart January 8, a second attack of unconsciosness occurred 
similar to the first Following this she became apprehensive and feared another 
attack, the fear may however have been due to the fact that the heart rate was 
slower than usual, about 25 a minute 

On the morning of January 13, a third attack occurred She first turned 
pale, then uttered a crj and turned her head backward The eyes were seen to 
roll up In a few seconds, she became cyanotic and continued to moan From the 
commencement of the attack, no pulse could be felt at the wrist No heart 
sounds could be heard over the precordium with a stethoscope She was imme- 
diately given 1 cc of epinephnn intramuscularly, and after a standstill for 
about half a minute, the heart began to contract slowly for 4 or 5 beats, 
and then gradually accelerated its rate until, in about ten seconds, it was 140 
One minute later, the rate was 72, and in another minute, 64 Within three 
minutes of the onset of the attack, she was conscious again and complained 
only of exhaustion The heart then gradually slowed to a rate of 40 There 
was then coupled rhythm January 14, a milder attack of unconsciousness 
occurred January 15, she commenced to take barium chlorid, 30 mg, by 
mouth three times a day Following the administration of this drug, there 
were no attacks until February 3, when she was discharged from the hospital 
January 24, barium chlorid w'as omitted In its stead, 5 c c of physiologic 
sodium chlorid solution, three times a day, was administered 

February 3, when the patient was discharged from the hospital, she was 
advised to continue taking barium chlorid, 30 mg , three times a day She con- 
tinued to do this for ten days and felt well, except for an occasional feeling of 
faintness She was up and about and able to walk two blocks Finally, she was 
persuaded to give up medicine by a Christian science healer Then she noticed a 
slou , irregular pounding of the heart February 23, she had a severe attack and 
was unconscious for three or four minutes During the next fe\v days, she 
had from four to six attacks of unconsciousness each day The day before 
her second admission to the hospital, she had six attacks between 2am and 
7pm These were characterized by a large, booming sensation in her left 
chest, followed by a number of similar “vibrations” of her heart She was 
able to call for assistance, and then suddenly was unable to breathe and lost 
consciousness She then began to struggle and to twitch all over, often biting 
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her tongue and becoming incontinent of urine and feces The spells of uncon- 
sciousness lasted from thiee to five minutes, and when she recovered she had 
a sensation of water running in her ears and a bitter taste m her mouth Her 
sister, who observed these spells, stated stated that no pulse could be felt for half 
a minute or more On recovery, the patient was greatly excited 

The physical examination at the time of the second admission resembled the 
first During the first few days, the patient had four attacks of unconsciousness 
In two of these, the heart stopped completely for half a minute and this pause 
was followed by a slow rate, in two, the standstill of the heart was followed by 
tachycardia with a heart rate of 160 At the time of each attack, 1 cc of 
epmephrin (1 1,000) was given intramuscularly What epinephrm had to 
do with the cessation of the attacks is uncertain, for at the time of the injection 
the patient was unconscious and pulseless It is doubtful whether absorption 
could take place under such circumstances During the succeeding days, 
between March 8 and 14, the heart beat was frequently in coupled rhythm, 
and the patient occasionally complained of palpitation On the evening of 
March 13, at 10 p m , a short attack of unconsciousness without convulsions 
occurred 

On the morning of March 14, she commenced to have another attack She 
was immediately given 1 c c of epmephrin intramuscularly For four minutes, 
between 8 15 and 8 19, no beats were heard at the apex, and no pulse was felt 
at the wrist At 8 19 the heart began to beat at a rate of 135 At 8 23 the 
rate had fallen to 41 The respirations were then 23 The patient's color 
gradually returned, and she began to regain consciousness at 8 27 At 10 30 
another attack was observed, during which she was pulseless and no heart 
beats could be heard for three minutes During this spell, there was frothing 
of the mouth, cyanosis and incontinence of urine As this attack passed oft, 
there was convulsive straightening of the arms and legs just before the radial 
pulse became perceptible Immediately after the standstill of the heart, the 
rate was 160, seven minutes later, it was 41 On this day, she commenced to 
take barium chlorid by mouth, 30 mg , four times a day On the evening of 
March 4, there were two slight attacks at 8 and 10 p m There were no 
further attacks during her stay in the hospital, and the patient steadily 
improved until her discharge from the hospital, April 27 Barium chlorid was 
omitted, March 21 

March 14, during the most violent attacks of complete standstill, epmephrin 
was administered frequently During two of the longer spells, 0 5 cc was 
injected directly into the heart It seemed unlikely that spontaneous con- 
traction would begin for, since the circulation was stationary, it seemed 
doubtful whether epmephrin injected into the skin would be absorbed The 
patient continued to take barium chlorid by mouth for seven days after leaving 
the hospital, and continued in fair condition May 28, she died suddenly 
Previous to this, she had been taking barium chlorid irregularly, and for 
several days before her death she took thyroid tablets, 1 gram (006 gm ) 
three times a day 

The diagnosis was Adams-Stokes syndrome, complete heart block and 
gallstones 

SUMMARY 

III three patients with complete heart block suffering from fre- 
quent attacks of syncope and convulsions (Adams-Stokes syndrome) , 
the customary therapeutic procedures, including epmephrin, did 
not prevent the recurrence of attacks, whereas barium chlorid given by 
mouth, m each instance, promptly pioved successful in rendenng the 
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patients free from attacks The action of barium served to increase the 
irritability of the ventricles and to prevent the long asystohc periods that 
occurred in this condition These successes warrant the trial of barium 
eWorld when the recurrence of attacks of Adams-Stokes syncope are 
frequent 
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THE RELATIVE VALUES OF CELL MORPHOLOGY AND THE 
PEROXYDASE REACTION AS DIAGNOSTIC AIDS 

MAURICE N RICHTER, MD 

NEW YORK 

The demonstration of oxydase and pei oxydase feiments ^ in certain 
cells of bone marrow oiigin has led to the extensive application of these 
reactions as diagnostic aids in the differentiation of myeloid and lymphoid 
leukemia This is particularly tiue of the acute leukemias, in which 
undiff ei entiated progenitors of the granular and nongranular leukocytes 
form a conspicuous part of the blood picture 

The populaiity of the oxydase reaction is laigely due to its supposed 
ability to distinguish, by simple color reactions, primitive blood cells 
which, by the ordinal y methods of staining, are exceedingly difficult, if 
not impossible, to differentiate The diagnostic value of the reaction in 
a given case naturally depends on its specificity for the cells in question, 
a point on which there is considerable diffeience of opinion 

To those hematologists who legard the oxydase reaction as specific 
for myeloid cells, the piesence of these ferments repiesents a biochem- 
ical difference by which they differ from cells of lymphatic origin 
Thus, Naegeli,^ Schiidde,^ and other adherents of the duahstic theory 
regard it as an important argument favoring the complete sepaiation of 
the myeloid and lymphoid systems Schultze,^ Peters,® Herxheimer ° 
Marchand,^ Meyer ® and others described oxydases m nongranular 
“myeloblasts ” That lymphocytes may react similarly is denied 

Other observers, however, have failed to see m the oxydase reaction 
a certain method of cell identification While the piesence of ferments 

Wrom the first medical division, Columbia University College of Physi- 
cians and Surgeons, and the pathologic laboratories, Bellevue Hospital 

1 The nature of the causative elements in the reactions described will not 
be discussed For purposes of convenience, they are referred to as ferments 

2 Naegeli, O Blutkrankheiten und Blutdiagnostik, Berlin, 1923 

3 Schridde, H Die blutbereitenden Organe, m Aschoff’s Pathologische 
Anatomic, Ed 6, Jena, 2, 1923 

4 Schultze, W H Die Oxydasereaktion an Gewebsschnitten und ihre 
Bedeutung fur die Pathologic, Zugleich ein Beitrag zur Differentialdiagnose der 
Leukamieen, Beitr z path Anat u z allg Path 45 127, 1909 

5 Peters, Jacob Em Beitrag zur Leukamiefrage, Munchen med 
Wchnschr 56 1478, 1909 

6 Herxheimer, G Ueber einen kombinierten Fall von fimphatischer und 
Myeloblastenleukamie, Centralbl f allg Path u path Anat 24 897, 1913 

7 Marchand Ueber akute Myeloblastenleukamie, Munchen med 
Wchnschr 58 924, 1911 

8 Meyer, Oskar Zwei Falle akuter Myeloblastenleukamie zugleich ein 
Beitrag zur Frage der Sog Leukanamie, Frankfurt Ztschr f Path 15 40, 1914 
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in the granular leukocytes and their immediate precursors (myelocytes) 
IS admitted, their constancy in the still earlier nongranulai forms 
(“myeloblasts” of the dualists and “hemocytoblasts” or “lymphoido- 
cytes” of the Unitarians) is questioned Dunn® and Jochmann and 
Bluhdorn,’^® among others, described myeloblastic leukemia in which the 
myeloblasts failed to react Jolly states that “myeloblasts” always 
react negatively Rosenthal likewise found that primitive cells con- 
tained no oxydase ferments unless granules (specific or azurophilic) 
were present Instances in which “myeloblasts” do not contain oxydases 
aie ascribed by the dualists to pathologic loss of the feiments^® The 
specificity of oxydases is further questioned by Menten,^'^ who found 
them in many cells, including lymphocytes 

Peroxydases are generally regaided as of the same significance as 
the oxydase ferments, though results obtained by one method cannot 
be assumed of another Variations in technical piocedures used to 
demonstrate ferments may partially explain the conflicting results in 
the literature That certain methods demonstiate more oxydase contain- 
ing cells than others has been frequently noted 

The data presented in this paper were obtained by the use of a 
benzidin peroxydase stain and controlled by duplicate smears prepared 
with Jenner-Giemsa or Wright’s stains The peroxydase solution is of 
the following composition 80 per cent methyl alcohol, 25 0 , benzidin, 
C P , 0 1, and hydrogen peroxid, 2 drops 

The solution is poured over the blood smears and, after a minute, 
IS diluted with an equal amount of distilled water This is allowed to 
remain for five minutes, after which it is poured off, the slide washed 
with distilled water, and counterstamed by Jenner-Giemsa or Wright’s 
method There is a distinct advantage in counterstaining with the same 
stain used in ordinary differential counts, as all structures that do not 
contain peroxydases are stained as usual, and may be easily identified 

With this method, I have, in a routine mannei, perfoimed the 
peroxydase reaction in a series of leukemic and nonleukemic condi- 

9 Dunn, J S The Use of the Oxydase Reaction in the Differentiation of 
Acute Leukaemias, Quart J Med 6 293, 1913 

10 Jochmann and Bluhdorn Ueber akute Myeloblastenleukamie, Folia 
haematol 12 181, 1911 

11 Jolly, J Traite technique d’hematologie, morphologie, histogenese, histo- 
physiologie, histopathologie. Pans, 1923, pp 379 and 955 

12 Rosenthal, N Studies on the Oxydase Reaction of the Cells in Normal 
and Leukemic Blood, Arch Int Med 20 184 (Aug ) 1917 

13 Von Jagic and Neukirch Ueber das Auftreten grosser mononuclearer 
ungranulierter Zellen im Blute chromscher Myelamien, Berl klin Wchnschr 
47 874, 1910 

14 Menten, Maud L A Study of the Oxjdase Reaction with Alpha- 
Naphthol and Paraphenylendiamin, J M Res 40 433 (Sept ) 1919 

15 Mcjunkin, FA A Benzidm-Polychrome Stain for Blood, JAMA 
74 17 (Jan 3) 1920 
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tions, and have obtained results that are at vaiiance with the pievalent 
opinion regarding its value as a diagnostic procedure 

STAINING REACTIONS OF LEUKOCYTE GRANULES 

In slides stained by the peroxydase method, a positive reaction is 
indicated by the presence of brownish or bluish granules in the cytoplasm 
of the cells If granules that do not react positively are present, they 
may be demonstrated by suitable counterstains 

The 1 elation of feiments to the c3^toplasmic granules is disputed 
Naegeh and maii}^ others believe that certain nongianular cells leact 
positively According to Pappenheim,^® the reacting substances are in 
the cytoplasm, but not m the granules The reaction appears, however 
to be confined to the cytoplasmic granules, conforming to the latter in 
size and shape Panton, Tidy and Pearson and Rosenthal have 
likewise considered the granules as the bearers of the reacting 
substances 

In normal blood, the neutrophil and eosinophil granules react posi- 
tively for peroxydases, the latter moie rapidly and strongly than the 
former Those monocytes which contain azurophilic granules also leact, 
though less intensely The statement of Naegeh that monocytes react 
with the same intensity as the neutrophils is not confirmed Rosenthal 
found considerable differences m the reactions of monocytes Sabrazes 
found that monocytes with round nuclei contained no ferments, while 
those with lobulated nuclei reacted positively Panton, Tidy and Pearson 
found them to i eact only when azurophilic granules were present 

If the prepaiation is counterstamed, it is observed that the basophilic 
granules are stained thereby, but that they contain no peroxydase 
Graham’s results were similar, though Naegeh - and Pappenheim 
describe positive leactions in basophils Dunn,-*’ using an ox}dase 
method, found the basophils to leact less strongly than the gianules of 
other cells Rosenthal found them to react for ox}dases, but not for 
peroxydases 

No ferments were demonstiated in the azuie granules of lymphocytes 
01 of blood platelets 

Pei oxydases weie nevei piesent m nuclei, nor were they found in 
the basophilic substances (polychromasia and basophilic stippling) of 
erythrocytes 

16 Pappenheim, A Morphologische Hamatologie, Leipzig, 2, 1919 

17 Panton, Tidy and Pearson The Leukaemias An Analysis of Fifty- 
Nine Consecutive Cases, Quart J M 7 340, 1914 

18 Sabrazes, J Des oxydases et peroxydases du sang. Arch d mal du 
coeur 15 841, 1922 

19 Graham, G S The Hemic Basophil, J Exper Med 31 209 (Feb ) 1920 

20 Dunn, J S The Oxj^dase Reaction in Mjeloid Tissues, J Path & 
Bacteriol 15 20, 1911 
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In leukemic blood, the immature cells contain types of granules other 
than those already mentioned 

Certain of the immature cells contain granules stainable by azure- 
eosin mixtures, that differ from the azure granules found in normal 
lymphocytes and monocytes Theories regarding the significance of 
these granules have led to considerable discussion 

Naegeli describes them as “unripe” neutrophilic granules, and terms 
the cell that contains them “promyelocyte ” Their nongranular pre- 
decessor IS the “myeloblast ” 

Ferrata believes that they indicate an early stage in myeloid differ- 
entiation He recognizes two varieties, a small type indicating the first 
Stage of neutrophil granulogenesis (“proneutrophil” granules), and a 
larger type as the forerunners of the eosinophils (“proeosinophil” 
granules) These granules later disappear, their place being taken by 
the specific granulation In Ferrata’s terminology, these cells are the 
“myeloblasts” (proneutrophilic or proeosinophilic), which are derived 
from the nongranular “hemocytoblast ” The “myeloblast” of Naegeli 
is therefore morphologically identical with the “hemocytoblast” of 
Ferrata, the “promyelocyte” or Naegeli, with the “myeloblast” of 
Ferrata 

According to Pappenheim and Jolly,”- these azure granules are of 
no diagnostic import, are inconstant in their appearance, and may be 
present in either myeloid or lymphoid cells 

When the peroxydase reaction is applied to cells containing these 
granules, they react positively This is amply confirmed by control 
specimens in which the percentage of cells is calculated as indicated in 
the method given below Furthermore, the counterstain fails to dem- 
onstrate any granules that do not react, though the azure granules 
of lymphocytes are clearly stained It is necessary, of course, to use a 
counterstain containing azure and eosm, such as Wright or Giemsa 
stain In azurophilic bodies of abnormal form (such as the rod-shaped 
Auer bodies), the ferment is confined to the rod itself"^ These rods 
probably occur only m myeloblasts in acute myelogenous leukemia 

It seems logical to conclude, therefore, that the azurophilic granules 
of immature cells indicate differentiation toward myelocytes I have 
therefore followed Ferrata’s nomenclature in classifying them and refer 
to them as “myeloblasts ” 

21 Ferrata, A Emige neue Feststellungen uber die Vorstufen der Granu- 
lozyten. Folia haematol 9 549, 1910, Le Emopatie, Milan, 1 , 1918 

22 Jolly (Footnote 11, pp 222 and 977) 

23 Rosenthal (Footnote 11) Ishikawa, T Ueber den Auerkorper bei 
einen Falle von akuter Myeloblastenleukamie, Mitt a d med Fakult d k 
Univ zu Tokjo, 1919 Richter, M N The Presence of Auer Bodies in 
Leukemic Tissues, Arch Int Med 31 677 (May) 1923 
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As noted above, Ferrata described a large type of granule as the 
forerunner of the eosinophil This variety occurred so infrequently that 
no conclusions regarding its nature or peroxydase reaction can be drawn 
here Many eosinophil myelocytes, however, contained varying numbers 
of basophil granules These differed from Ferrata’s “proeosinophil” 
granulation m being basophilic rather than azurophilic Graham con- 
siders these as degenerate eosinophils Downey,-^ however, regards 
them as immature eosinophil granules Jordan and Speidel have found 
them m lower forms, and conclude that they represent a phylogenetically 
and ontogenetically early stage of eosinophil granulogenesis 

With the peroxydase solution, these granules fail to react, though 
the eosinophil granules of the same cell react strongly They are the 
only negatively reacting granules that were found in cells containing 
peroxydases 

It IS possible that the monocytes also have an immature form of 
granulation In a case of acute myelogenous leukemia with associated 
anemia of the primary type (so-called leukanemia), I have observed 
immature monocytes (monoblasts) with azure granules slightly larger 
than normal, which failed to react for peroxydases 

In the series of cases here reported, the nongranular primitive cells 
(hemocytoblasts) have always reacted negatively 

PEROXYDASE PERCENTAGES IN LEUKEMIA 

The data concerning the peroxydase reaction of leukocytic granules 
reported above may be confirmed by companng the percentage of 
peroxydase containing cells with the sum of the percentages of those 
cells which contain granules of the types thought to react positively, as 
determined from control specimens prepared by suitable methods It 
will be found that, in good preparations, the calculated and obser\ed 
results agree within the limits of error m counting In the present 
series, cover slip preparations were used exclusively, as it is believed 
that the distribution of cells is more uniform, especially in cases with 
low total leukocyte counts The stains used were either Wright or 
Jenner-Giemsa 

24 Downey, Hal Heteroplastic Development of Eosinophil Leukocytes and 
of Hematogenous Mast Cells in Bone Marrow of Guinea-Pigs, Anat Record 
8 135, 1914 

25 Jordan, H E , and Speidel, C C Studies on Lymphocytes, III, Granu- 
locytopoiesis in the Salamander, with Special Reference to the Monophyletic 
Theory of Blood Cell Origin, Am J Anat 33 485 (July) 1924 

26 The smear should be covered with Jenner’s stain for three minutes , then 
an equal amount of distilled water should be added and let stand for one 
minute This should be poured off and, no washing being done, diluted Giemsa 
stain (1 drop to 1 c c of distilled water) should be added and let stain for 
from ten to fifteen minutes The smear should then be washed in distilled 
water, dried, and mounted in neutral balsam or euparol 
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The importance of using a good polychiome stain will be discussed 
later 

Leukemic blood vanes considerably in the relative proportions of 
undiff ei entiated and partially differentiated cells which it contains As 
a rule, the chronic leukemias contain a relatively laige number of the 
latter type, while the acute leukemias contain large piopoitions of undif- 
ferentiated cells (hemocytoblasts) 

As the hemocytoblasts contain no peroxidases, while these ferments 
are present in granular myelocytes, the percentage of reacting cells in 
cases of myeloid leukemia depends on the relative number of each type 
which IS a very variable quantity 

The examples of actual counts recorded in the accompanying tables 
are of interest in that they illustrate the close agreement of the calcu- 
lated and observed results of the peroxydase leaction The terminology 
used in classifying the cells is that of Ferrata 

Table 1 — Clttomc Myeloid Leukemia 

Leukoc\tes, 150,000 
Per Cent 


Hemocj'toblasts 33 

Promyelocj'tes, neutrophilic 3 

Promyelocytes, eosinophilic 1 

Myelocjtes, neutrophilic 2 

Polymorphonuclear neutrophils 33 

Lymphocytes 23 

Rieder cells (with azurophil granules) 5 

Megakar} ocytes 2 


Peroxydase percentage calculated, 44% , observed, 42% 


The differential count presented in Table 1 from a case of chiomc 
myelogenous leukemia, contains a vaiiet} of matin e and immature cells 
of which all except the hemocytoblasts, l}mphoc}tes and megakar} ocytes 
contained granules of the peiox)dase type Adding then peicentages, 
we would expect to find 44 per cent positnely leaching cells Actual 
count showed 42 per cent 

The course of this case was followed foi se\eial months, during 
which time the blood count varied consideiabh At a later date, the 
differential count ivas that shown in Table 2 

The principal change is in the i eduction in the numbei of the hemo- 
ciToblasts The myeloblasts in this classification contain azuiophil 
granules, and leact positively The hemohistioblasts were undifferen- 
tiated, and contained no granules It has been showm that the 
peroxydase reaction m hemohistioblasts is negatne unless gianules are 
present 

27 Richter, M K Observations on the Hemohistioblast of Ferrata Am 
J M Sc 169 336 (Alarch) 1925 
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Fioni the count in Table 2, we would expect to find 59 pei cent 
reacting cells Actual count showed 61 per cent 

The case of acute myelogenous leukemia presented in Table 3 is of 
interest in that it contains a large percentage of negatively reacting cells 
(mainly hemocytoblasts) The plasma cells, which appear m small 
numbeis m many conditions, are usually nongranular as they appear in 
the blood stream, though they may contain cytoplasmic gianules in the 


Table 2 — Cliiomc Myeloid Leukemia 




Leukocytes, 110,000 



Per Cent 


Hemohistioblasts 

2 


Hemocytoblasts 

9 


Myeloblasts 

14 


Promyelocytes, neutrophilic 

5 


Myelocytes, neutrophilic 

9 


Metamyelocytes 

18 


Polymorphonuclear neutrophils 

9 


Lymphocytes 

18 


Monocytes (with granules) 

4 


Atonocytes (without granules) 

9 


Rieder cells (without granules) 

3 


Peroxydase percentage calculated. 

59%, observed, 61% 


Table 3 — Acute Mycloqcno 

us Leukemia 



Leukocytes, 63,800 

Per Cent 


Hemocytoblasts 

75 0 


Mveloblasts 

05 


Promyelocytes, neutrophilic 

25 


Myelocytes, neutrophilic 

Myelocytes, eosinophilic 

10 


05 


Metamyelocytes 

30 


Polymorphonuclear neutrophils 

10 


Lymphocytes 

12 5 


Monocytes (with granules) 

1 5 


Rieder cells (with granules) 

20 


Plasma cells 

05 


Peroxydase percentage calculated. 

12%, observed, 13% 


tissues The writer has shown that one variety of gianule (Russell’s 
fuchsm body) gives a positive peroxydase leaction 

COMMENT 

The clinical value of the peroxydase reaction depends on its specificity 
and the degree of accuracy with which positively oi negatively reacting 
cells may be identified 

28 Dubreml, G, and Favre, M Cellules plasmatiques, Plasmazellen a 
granulations speecifiques. Cellules a corps de Russell (Cytologic et formes 
evolutives), Arch d’anat micr 17 302, 1920-1921 

29 Richter (Footnote 23, third reference) 
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As indicated in the foregoing obsei vations, a positive reaction indi- 
cates the presence of cells of the granulocytic series,^® while a negative 
reaction does not necessarily indicate their absence 

Many of the early workers on oxydases reported them in non- 
granular cells that were thought to be of myeloid origin (“myeloblasts” 
of Naegeh) Probably some of the confusion is due to variations in 
technic As has been noted, different lesults are obtained by varying 
the methods of demonstrating ferments There is, however, another 
source of erroi, the variations in the staining technic of the control 
specimens 

Thus, Dunn, using Jenner’s stain as a control, reported that, in a 
fetus of three and one-half months gestation, a certain percentage of 
the nongranular cells reacted positively for oxydases He concludes 
that “these cells were without doubt the nongianular mother cells of the 
myelocytes, and it was evident that in them the appearance of the 
oxydases had preceded recognizable granule formation ” Schultze ^ 
reported oxydases in cells that contained no granules, by Ehrlich’s stain- 
ing method Neither Jenner’s nor Ehrlich’s solutions contain methylene 
azure, which is essential for the staining of the azurophilic granules 
The conclusions of Dunn and of Schultze that the cells in question were 
nongranular may therefore be questioned, as their methods were 
inadequate for granule demonstration 

At a later date, Dunn ” observed that the oxydase reaction is negative 
in the more early forms of marrow cells, and that, when positive, it is 
associated with changes that are recognizable by the ordinary methods 
of staining 

Panton, Tidy and Pearson controlled their preparations with 
Leishman’s stain, which demonstrates azure granules, and concluded 
that the nongranular “myeloblasts” do not contain oxydases Rosenthal 
used Jenner-Giemsa stain and obtained the same results 

Chosrojeff reported a case of myeloblastic leukemia in which great 
reliance was placed on the results of the oxydase reaction As many of 
the “pathologic lymphocytes” (myeloblasts) contained the typical 
myeloid azurophil granulations, the positive oxydase reaction should be 
expected According to my view regarding the significance of these 
granules, the correct diagnosis could have been made from morphologic 
studies alone 


30 Myeloblast to granulocyte The reaction indicates cell type, but not 
necessarily the tissue of cell origin The significance of peroxydases in mono- 
cytes IS uncertain, as these cells probably arise in more than one tissue 

31 Chosrojeff, G P Myelosis Aleucaemica Acuta Micromyeloblastica, 
Folia haematol 20 33, 1915 
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Fiessinger and Roudowska reported positive oxydase reactions 
m nongranular cells, but, at a later date, Fiessingei and Broussolle 
found them to react negatively 

In the cases of Marchand,' Meyer® and others, the staining technic 
for the controls is not given 

As It IS necessary to employ proper technic for staining control 
smears, this is even more important in controlling sections of organs 
Kwasniewski,^^ for example, found that the results of the oxydase reac- 
tion on blood smears did not always correspond to the results obtained 
on sections in the same case It is exceedingly difficult, frequently 
impossible, to establish that cells m the control tissue sections contain 
no granules It is usually better to use, as controls, tissue smears or 
imprints stained by a suitable method 

Cases comparable to those of other writers, in which peroxydase 
containing cells were devoid of all granules in suitably stained controls 
were not encountered In the cases observed by me, the peroxydase 
reaction has yielded no information that could not be obtained from well 
prepared blood smears stained by a suitable polychrome method 

To be sure, cases of chronic myelogenous leukemia have a high 
percentage of reacting cells , but chronic myelogenous leukemia is suffi- 
ciently easy of diagnosis from ordinary slides It is m the acute leuke- 
^mias, m which the primitive nongranular forms predominate (sometimes 
forming more than 90 per cent of the total leukocytes), that the 
peroxydase reaction is resorted to, and, in my experience, it is m just 
these cases that it fails to add data of diagnostic importance 

Careful examination of the preparations reveals the fact that the 
nongranular elements of both myelogenous and lymphatic leukemia in 
both chronic and acute forms, react negatively for peroxydases The 
percentage of these cells may be counted m the counterstamed peroxy- 
dase preparations just as accurately as in the controls, as they appear 
the same m both If, therefore, these elements constitute a considerable 

32 Fiessinger and Roudowska La reaction microchimique des oxydases 
dans les tissus humains, Arch de med exper et d’anat path 24 585, 1912 

33 Fiessinger, N , and Broussolle, J Etude biologique de la cellule indif- 
ferenciee des lucemies aigues. Bull et mem Soc med d hop Pans 45 211 
(Feb 18) 1921 

34 Kwasniewski Em Beitrag zur Klinik und Histogenese der akuten 
Myleoblastenleukamie, Deutsch Arch f klin Med 145 83, 1924 

35 Ferrata’s modification of the Jenner-Giemsa method for tissue smears is 
as follows The smears should be dried in air for at least ten minutes , then 
covered with Jenner’s stain for from eight to ten minutes The Jenners stain 
should be diluted with twice its volume of distilled water for three minutes 
This should be poured off and diluted Giemsa stain (2 drops to 1 c c of distilled 
water) should be added and let stand for at least fifteen minutes The smear 
should then be washed in distilled water, dried and mounted in neutral balsam 
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proportion of the total, their negative reaction may lead to an erroneous 
diagnosis of lymphatic leukemia 

These observations admit of wider biologic application The ques- 
tion concerning the identity or nonidentity of the stem cells of the 
myeloid and lymphoid tissues has long engaged the attention of 
hematologists As reviews of the principal theories have recently been 
given by Fineman and by Downey,^' the subject will not be discussed 
in detail Suffice it to state that, in their reactions to the peroxydase 
solution, the piimitive elements (“myeloblasts” and “lymphoblasts” of 
Naegeli) cannot be distinguished one from the other Nor has it been 
possible, in the control prepai ations, to discern morphologic criteria by 
which they can be distinguished It seems, therefore, that these cells 
are alike morphologically, and biologicall)'- as far as is indicated by their 
similar (negative) peroxydase reaction and their potential capacity for 
differentiation into either myeloid or lymphoid cells The ferments are 
attributes acquired only in the process of differentiation along certain 
lines 

It appears inadvisable to denote this blood stem cell by either of 
the terms “myeloblast” or “lymphoblast,” as they imply specificity that 
has not been proved to exist In the counts that have been recorded, 
this cell IS denoted by the term “hemocytoblast ” 

As the hemocytoblasts in both myelogenous and lymphatic leukemia 
contain no peroxydases, the diagnosis m cases in which they predominate 
cannot be made from the peroxydase reaction However, it may usually 
(but not always) be made by careful moiphologic study to determine 
the direction of differentiation of the hemocytoblast Thus, in the case 
of acute myelogenous leukemia (Table 3) containing 75 per cent 
hemocytoblasts, the diagnosis was made by the distribution of the other 
25 per cent As the latter included all stages of myeloid differentiation 
(myeloblasts, promyelocytes, myelocytes, metamyelocytes to polymorpho- 
nuclears), the diagnosis of myeloid leukemia was made (confirmed at 
necropsy) , had it included stages in the transition from hemocytoblasts 
to hmphocjtes, with absence of myeloid differentiation, the diagnosis of 
Ijmphatic leukemia would have been made Undoubtedly, cases occur 
in which blood studies alone aie insufficient for diagnosis, though these 
are exceptional The frequent presence of m3''elocytes in lymphatic 
leukemia seldom causes difficulty, as all transition stages are not 
usually present 

36 Fineman, S A Study of Microlymphoidocytic Leukemia, with the 
Report of a Case, Arch Int Med 29 168 (Feb ) 1922 

37 Downey, Hal The Occurrence and Significance of the “Myeloblast" 

Conditions, Preliminary Account, Arch Int Med 

33 301 (March) 1924 
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In those cases of hemocytoblastic leukemia in which the hemo- 
cytoblasts fail to differentiate in eithei direction, the diff ei ential diagnosis 
of the tissue involved is not made fiom the blood The leukemic cells, 
m these cases, are the mother cells of both myeloid and lymphoid tissues, 
and may arise in either 

SUMMARY 

1 Leukocytic peroxydases demonstrable in blood smears by the 
benzidm method herein described occui only in those leukocytes which 
contain gianules of one of the following types {a) neutrophilic, 
(&) eosinophilic, (c) azurophilic granules of monoc}tes, and (d) azui- 
ophihc granules of the myeloblasts of Ferrata (promj-elocytes of 
Naegeh), including Auer bodies 

2 Leukocytes totally devoid of gianules do not react for peroxydases. 

3 Elements containing the following types of granules do not react . 
(o) basophilic, (&) basophilic (immature) granules of eosinophil 
myelocytes, (c) azure granules of lymphocytes, and {d) granules of 
platelets and megakaryocytes 

4 The peroxydase leaction is of no value in differentiating hemo- 
cytoblasts in cases of myeloid leukemia fiom those of lymphoid 
leukemia 

5 The azuiophihc granules of myeloid cells (myeloblasts of Ferrata) 
probably lepiesent an eaily stage of myeloid transformation of the 
hemocytoblast 

6 The peroxydase reaction is of less value in diagnosis than the 
study of stained smears 

38 Ferrata, A Le Emopatie, Milan, 2 , 1923 

39 Since this paper was submitted for publication, Pine}' (J Path & Bacteriol 
28 97 [Jan ] 1925) has reported observations on the oxydase reaction in three cases 
of acute myelogenous leukemia Using the indophenol reaction controlled b} a 
modified Kardos staining solution, Piney found that “a completely nongranular 
precursor of the granular leukocytes exists but does not give a positive oxydase 
reaction, which appears only m those cells in which granules are visible with 
suitable staining and illumination” The nongranular cells to which Pmey 
refers as “myeloblasts” correspond to the hemocytoblasts in the terminology 
used in this paper As shown above, they also react negatively for peroxydases. 



BLOOD VOLUME 

VI THE relationship BETWEEN BLOOD VOLUME, TOTAL CORPUSCLE 
CONTENT AND ALKALINE RESERVE IN CASES 
OF PERNICIOUS ANEMIA ^ 

WINIFRED ASHBY, PhD 

ROCHESTER, MINN 

The work reported here was done in 1919 In view of the then 
prevailing association of a much reduced blood volume with pernicious 
anemia and the reported decrease m alkalinity of the serum, it seemed 
within the bounds of probability that if the total carbon dioxid elimina- 
tion had to be taken care of by a reduced amount of blood, the level of 
the carbon dioxid in each unit of blood would be raised, and that the 
increase in hydrogen concentration resulting might in turn tend to 
maintain a reduced blood volume 

I therefore attempted to see to what such an hypothesis would lead 
by a study of the effect on blood volume of a decrease in the hydrogen 
ion concentration of the blood brought about by administration of 
carbonates to two patients with pernicious anemia who had received 
transfusions of unlike group blood Changes in the concentration of 
the unagglutinable corpuscles were used as an index of change in volume 
of the blood 

The protocol of one of these cases, Case 59, has been given in detail 
elsewhere,^ and will simply be reviewed here An obese woman with 
an extremely low blood volume, as indicated by the count of unagglutin- 
able corpuscles, began to take bicarbonate Two days later, the blood 
volume was apparently greatly increased, seven days later, the count 
of the unagglutinable corpuscles indicated the normal blood volume 
proportion of 82 c c for each kilogram of body weight, which remained 
constant, but as at this time the transfused blood had been in the patient’s 
circulation for thirty-three days, it was questionable whether this drop 
m the unagglutinable corpuscles indicated a dilution due to increase in 
blood volume, or one of these intermittent periods of elimination by 
which the transfused blood is removed from the circulation, which 
happened to be coincident with the initiation of the administration of 
the bicarbonate 

In a second case. Case 61 (Table 1), after three transfusions the 
patient began to take sodium bicarbonate, beginning with the small dose 
of 0 67 gm a day, and gradually increasing the dose The apparent 
blood volum e, as indicated by the transfused corpuscles derived from the 
From the Mayo Foundation 

1 Ashby, Winifred Study of Blood Volume, V, The Effect of Treatment 
on the Blood Volume of Patients with Pernicious Anemia, Arch Int Med 35 
733 (June) 1925 
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unlike group transfusion given seventeen days before, was 66 c c for 
each kilogram of body weight one day after administration of the 
bicarbonate was instituted An apparent gradual increase in blood 
volume followed, until, ten days later, the deciease in the count of 
unagglutinable corpuscles indicated a dilution such that the volume was 
111 cc for each kilogram of body weight At this time, a fresh trans- 
fusion of unlike group blood was given The data derived from it 
indicated a blood volume of 109 c c for each kilogram of body weight 
This close appioximation between the volume obtained on the injection 
of fresh unagglutinable corpuscles and that indicated by the count of 
the transfused corpuscles that had been in the circulation for twenty- 

Table 1 — Findings in Case 61 

A man, aged 42, with pernicious anemia, who was very weak, received 
his first series of transfusions, which did not greatly improve his condition 
He died shortly after his return home 




Corpuscles 

C c of Blood 



Days of Red Cell 

for Each 

for Each 



Treat 

Count in 

Kilogram of 

Kilogram of 



ment 

Millions 

Body Weight 

Body Weight 

Remarks 



Transfusion of unlike group blood 



0 

1 70 

95 X lOo 

56 

Throbbing sensations 


1 

1 77 

106 X 100 

60 

Throbbing sensations 


8 

188 

117 X 100 

62 

Throbbing sensations 


6 

1 57 

102 X 100 

65 

Throbbing ceased 


9 

Transfusion 




14 

2 03 

107 X 100 

51 



14 

Transfusion 





15 

2 25 

115 X 100 

51 



IG 

Patient began taking sodium bicarbonate, 0 67 gm a day 


17 

216 

143 X 100 

66 



19 

1 94 

134 X 100 

69 

Patient said that he felt better and had 





an appetite for the first time 

20 

230 

159 X 100 

69 



24 

2 95 

152 X 100 

74 

Patient felt better 


27 

1 56 

173 X 100 

111 




Transfusion of unlike group blood 



27 

2 12 

231 X 100 

109 



28 

2 57 

194 X 10“ 

74 

Patient had discontinued 

bicarbonate 


while in hospital for transfusion 

29 

2 76 

284 X 100 

103 

Patient had taken 4 gm 

of bicarbo 




nate, urine acid 


30 

233 

254 X IQO 

109 



31 

2 57 

257 X 100 

lOO 

Patient had taken 7 33 gm 

bicarbonate, 


urine acid 



seven days would reduce the probability that the apparent increase in 
blood volume had been due to elimination of the transfused corpuscles 
rather than to dilution from an increased blood volume However, it is 
not absolute evidence ^ While the patient was in the hospital for this 
transfusion, he took no sodium bicarbonate The following day, the 
concentration of the unagglutinable corpuscles was such as to indicate 
a decrease in blood volume to 74 c c for each kilogram of body weight 

2 Ashby, Winifred Study of Blood Volume, III, Apparent Changes m 
Blood Volume Indicated by Transfusion, and Their Bearing on Methods of 
Determining Blood Volume by Means of the Degree of Change in a Con- 
stituent of the Blood, Following Transfusion of a Known Amount of That 
Constituent, Arch Int Med 35 641 (May) 1925 
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Administration of bicarbonate was resumed, m larger amounts, and 
after a day a blood volume of 103 cc for each kilogram of body 
weight was indicated by the count of the transfused unlike group blood 
corpuscles This was maintained for the next two days, while the 
patient was under observation, during which bicarbonate was taken 



o- Case 71 ® Case 76 

• Case 70 * Case 73 

O Case 80 O Case 94 

© Cases? ® Case 75 

Fig 1 —Alkaline reserve m eight cases of pernicious anemia, plotted against 
simultaneous blood volumes calculated in terms of cubic centimeters for each 
kilogram of body weight 

As these results seemed to indicate a relationship between blood 
^olume and alkalinity, an attempt was made to correlate the alkaline 
reserve with the apparent blood volume as indicated by the concentration 
of the unagglutinable corpuscles following a transfusion of unlike group 
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2— Correlation of the Total Red Cell Count, the Blood Volume and 
the Alkaline Reset ve in Patients with Petnicious Anemia 


Bed Cell 
Count In 

Case Days Millions 

Tl Transfusion, 600 c c 


Corpuscles 
for Each 
Kilogram of 
Body Weight 


C c of Blood 
for Each 
Kilogram of 
Body Weight 


70 


80 


57 


78 


73 


0 

088 

57 X 10» 

73 

1 

1 OO 



2 

106 



3 

1 07 

84 X 10“ 

1 t 

4 Transfusion, 

500 C C 



5 

162 

123 X 10“ 

77 

8 

1 23 

112 X 10“ 

91 

14 

109 

133 X 10“ 

122 

14 Transfusion, 500 c c 



16 

138 

138 X 10“ 

lOO 

18 



'13 

18 Transfusion, 

500 c C 



18 

1 53 

147 X 10“ 

96 

Transfusion, 

500 e c 



0 

102 

55 X 10“ 

54 

1 

1 28 

90 X 10“ 

72 

1 

2 

1 17 



4 

088 

77 X 10“ 

88 

4 Transfusion, 500 c c 



6 

1 11 

108 X 10“ 

57 

8 

1 40 

131 X 10“ 

94 

11 Transfusion, 500 c c 



14 

1 79 

159 X 10“ 

89 

0 

1 17 



Transfusion, 500 c c 



0 

120 

59 X 10“ 

47 

3 



47 

4 



72 

4 

2 25 

117 X 10“ 

52 

5 

1 76 

134 X 10“ 

70 

6 

193 

189 X 10“ 

98 

6 

1 90 

133 X 10“ 

08 

7 

193 

153 X 10“ 

79 

7 

1 99 

150 X 10“ 

75 

7 

200 

146 X 10“ 

69 

10 

2 21 

180 X 10“ 

81 

10 Transfusion 




11 

1 51 

119 X 10“ 

79 

10 

2 00 

107 X 10“ 

52 

17 



80 

0 

1 16 



0 Transfusion (second in scries) 



0 

1 48 

161 X 10“ 

in 

7 

1 30 

150 X 10“ 

no 

7 Transfusion 




( 

y 

1 72 

1S3 X 10“ 

100 

10 

1 23 

103 X lv)“ 

84 

0 

0 71 



0 Transfusion 




0 

1 

090 

114 X 10“ 

119 

4 

1 12 

101 X 10“ 

90 

19 

1 54 

200 X 10“ 

130 

19 

1 42 

161 X 10“ 

115 

20 

1 27 

150 X 10“ 

118 

0 

1 33 



0 Transfusion 




0 

1 32 

222 X 10“ 

145 

f. 

1 60 

193 X 10“ 

120 

9 

194 

204 X 10“ 

106 

10 

2 09 



13 

2 13 

250 X 10“ 

111 

13 Transfusion 




13 




20 




21 

3 22 



22 




23 

2 32 



30 

2 62 



SO 

2 21 



37 

2 51 




Alkaline 
Eescrve, 
per Cent 

by Volume Time 


57 

51 


50 5 
50 


665 

685 


54 

64 5 Morning 

69 Evening 

57 
63 

63 

66 


685 
71 6 


71 

p m 

62 

6 30 p m 

72 

9 SO a m 

66 

8 30p m 

()0 

9 OO p m 

70 5 

9 00 a m 

665 

8 30 p m 

72 

10 00 a m 

715 

3 OOpm 

67 5 

6 OOP m 

73 

9 OO a m 

04 3 

9 00 a m 

68 5 

9 00 a m 

( L 


57 


68 


65 


60 


69 


67 


70 


67 


68 


69 5 

10 00 a m 

60 

9 00 p m 

72 


07 


71 


60 


005 

i in 

005 

p m 

09 5 

1 m 

57 

p m 

61 


05 

p m 

66 

a m 

03 


72 5 

p m 

58 

a m 


BB B3 
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Table 2 — Coticlatwn of the Total Red Cell Cotint, the Blood Volume and the 
Alkaline Reset ve in Patients zvith Peimcious Anemia — Continued 





Corpuscles 

C c of Blood 

Alkaline 




Red Cell 

for Each 

for Each 

Reserve, 




Count in 

Kilogram of 

Kilogram of 

per Cent 


Case 

Days 

Millions 

Body Weight 

Body Weight 

by Volume 

Time 

94 

0 Transfusion (third m senes) 



71 



11 

250 

150 X lOi* 

60 

a m 


11 




73 

j) m 


14 

303 

243 X 10“ 

81 

70 


1 ’^ 

0 

0 Transfus on 

190 



66 



0 

2 22 

160 X 10“ 

72 

70 



3 

3 Transfusion 




65 



3 

2 48 

25S X 10® 

104 

68 


60 


2 01 



59 







57 




Patients with Secondary Anemia 



76 

0 




62 



0 




63 



16 




62 


S6 

0 

366 

37S X 10® 

104 

74 5 

p m 


1 

353 

SOS X 10® 

87 

64 5 

a m 


2 

3 22 

300 X 10® 

93 

75 5 

p m 

blcod 

The alkaline 

reserve 

was determined from 

the urine 

by the 


method of Van Slyke and Fitz ® (Table 2) The blood volumes, as 
determined by the count of unagglutinable corpuscles derived from the 
unlike group transfusion given at the beginning of each study, have not 
been included beyond the point at which it seemed improbable that there 
had been any elimination of transfused blood All the alkaline reserve 
determinations are included 

Although the first two studies appeared to show a rather marked 
parallelism between alkaline reserve and blood volume percentage, this 
relationship did not hold with the study of further cases I therefore 
concluded that there was no relationship between the two, and that the 
apparent increases in volume following administration of carbonates 
in Cases 59 and 61 were a matter of accident On further analysis, 
however, there seems to be a slight tendency for alkaline reserve to 
increase when the apparent blood volume increases, but a tendency for 
parallelism becomes much greater when the blood volume for each 
kilogram of body weight is multiplied by the red cell count In 
Figures 1 and 2, alkaline reserve is plotted against the blood volume 
for each kilogram of body weight m one instance, and the number of 
corpuscles for each kilogram of body weight in the other The points 
that indicate the readings for individual patients are connected, but the 
general trend of the curves would seem to be more significant than the 
individual curves 

3 Fitz, R, and Van Sbke, D D Studies of Acidosis, IV, The Relation- 
ship Between Alkaline Resen^e and Acid Excretion, J Biol Chem 30 389-400 
(June) ISir 
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SUMMARY AND CONCLUSION 

In patients with pernicious anemia, the alkaline reserve, as determined 
by the method of Van Slyke and Fitz, was frequently found to fall 
below the normal limits (from 63 1 to 77 5) given by those authors, but 
after transfusions it tended to be normal 



Fig 2 — ^Alkaline reserve in eight cases of pernicious anemia, plotted against 
total number of corpuscles present for each kilogram of body weight 

Although there is a great deal of variation, possibly due to variation 
in the amount of strain put on the carbon dioxid eliminating mechanism 
by exercise and so forth, it would appear from these data that there 
IS a slight tendency for the alkaline reserve to increase with the blood 
volume, but that there is a greater tendency for the alkaline reserve to 
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increase with the increase in the total number of corpuscles present for 
each unit of body weight In view of the fact that Henderson, Bock, 
Field and Stoddard ^ consider that hemoglobin is responsible for the 
transfer of 90 per cent of the carbon dioxid from the tissues to the 
lung, this IS not surprising 

The much more marked relationship between the hemoglobin content 
and the alkaline reserve than between the blood volume and the alkaline 
reserve would suggest that the increased alkaline reserve may merely 
be the eftect of the increased carbon dioxid carrying capacity of the 
blood, and may not have any causal eftect on increase in blood volume 

4 Henderson, L J , Bock, A V , Field, H Jr, and Stoddard, J L 
Blood as a Physicochemical System, II, J Biol Chem 59 379-431 (March) 1924 
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During' the last t'wo decades, a vast amount of mteiesting work has 
been done on acute intestinal obstruction in an endeavoi to find the lethal 
factois involved Beyond keeping the subject alive in the expeiimental 
field, much of the work has added little to the ultimate settlement of 
the questions at issue Complicated opeiative procedures, ether and 
moiphin anesthesia, methods used because of preconceived premises of 
toxic substances, and the failure to recognize diffeient types of obstiuc- 
tion have been the main stumbling blocks 

In the preceding papeis/ we have demonstrated that expeiimental 
obstiuction pioduced under local anesthesia gives most ideal results 
The postoperative animals aie in piactically the same condition as the 
human patients seen clinically The only complicating factors in the 
experimental woik are the piocain anesthesia and the 3 inch (7 6 cm ) 
incision thiough the linea alba 

Carefully checked contiol animals on which only the abdominal inci- 
sion has been made show that these two factois cause little or no 
systemic reaction 

Obstiuction thus pioduced demonstrates clearly that theie aie two 
t5q3es of acute intestinal occlusion (1) Acute sti angulation This 
includes those cases in which there is an interfeience with the venous, 
arterial and lymphatic cii dilation in the bowel wall and mesentery as 
well as complete obstruction of the intestinal lumen Under this head- 
ing aie grouped volvulus, strangulated heinia and intussusception This 
condition is characterized by rapid pulse and respiration, subnoimal 
temperatuie and low blood piessure, as well as the usual obstruction 
s 3 miptoms Death heie is due to shock, toxemia and jieiitonitis 
(2) Acute simple obstiuction This comprises those cases in which 
there is a complete blockage of the bowel lumen only, with practicallv 
no circulatory iitv olvements Heie the obstruction is produced b} gall- 

From the Departments of Anatomy and Physiology, University of Oregon 
Medical School 

J Hausler, R W , and Foster, W C Studies of Acute Intestinal Obstruc- 
tion, I, Different Types of Obstruction Produced Under Local Anesthesia, 
Arch Int Med 34 97 (July) 1924, 11, Acute Strangulation, ibid 34 697 (No\ ) 
1924 
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stones, enteroliths, foreign bodies, adhesions and bands The tempera- 
ture, pulse, respiration and blood pressure show no marked deviation 
from the normal, even after ten days, although the obstruction symptoms 
are very pronounced 

Acute strangulation has been dealt with in a pievious paper In 
this paper, we shall endeavor to show that death in simple intestinal 
obstruction is not due to a toxemia, as is generally assumed, but instead 
is due to starvation 

In experimental simple obstruction, occlusion of the bowel lumen is 
usually produced by clamps, ties or section of the intestine and inversion 
of the cut ends All three of these methods have their disadvantages 
and introduce certain complications which must be considered when 
interpreting the results obtained The ideal method of producing obstruc- 
tion IS naturally that seen in human cases, namely by bands of living 
tissue The aluminum clamps, as first used by Haitwell and Hoguet,” 
are not very satisfactory because of the difficulty in determining definitely 
whether the obstruction has been complete Tissue destruction, abscess 
formation and peritonitis are rather frequent complications Ligation 
of the intestine, with silk or cord ties, produces good results for several 
days, but unfortunately the ligature cuts through the intestinal wall in 
four or five days, and the bowel reunites or deatli follows from perfora- 
tion and peritonitis Section of the intestine and inversion of the 
proximal and distal stumps gives a complete obstruction that is easily 
produced and very permanent This technic, however, causes consider- 
able tissue destruction and is followed by a severe constitutional reaction 
The postoperative record shows that for the first five or six days, or 
until the inverted stumps have healed, there is a quite pronounced rise 
in temperature, pulse and respiration Unless subcutaneous injections 
of fluid are given during this reparative period, many of the animals die 
However, if the dogs survive, we have an ideal obstruction exactly com- 
parable to that seen in human cases The obstruction is complete, and 
little or no devitalized tissue is present The writers have used all three 
methods and find that the section method gives the most satisfactory 
results LITERATURE 

No attempt will be made to review the extensive literature on the 
subject of intestinal obstruction Instead, the reader is referred to a 
recent article by Ellis 

The literature shows five mam theories as to the cause of death in 
acute intestinal obstruction 

1 Bacteremia The theorj’- that death is due to a bacteremia at first 
sight seems very plausible McClure ^ has shown that the fluid accumu- 

2 Hartwell, J A, and Houget, J P An Experimental Study of Hieh 
Intestinal Obstruction, Am J Med Sc 143 357, 1912 

3 AIcClure, R D An Experimental Study of Intestinal Obstruction, 

J A M A 49 1003 (Sept 21) 1907 



FOSTER-HAUSLER— ACUTE INTESTINAL OBSTRUCTION 33 

lating in the intestines above the obstruction acts as a very good culture 
medium It furnishes all the requirements for bacterial growth, i e , 
food, water, proper temperature and an alkaline reaction Furthermore, 
the normal intestinal tract is the habitat of innumerable pathogenic 
bacteria Under such ideal conditions, they multiply very rapidly and 
thus might easily work their way through the intestinal mucosa into 
the blood stream 

However, Krafft,^ McClure, ^ and Hartwell and Hoguet" have 
definitely disproved this theory by showing that at death the heart’s 
blood, peritoneum and organs are practically always sterile 

2 Perverted secretion Supporters of this theory state that after 
obstruction, the intestinal mucosa of the proximal segment secretes a 
toxin which when absorbed is rapidly fatal 

Dragstedt, Moorhead and Burcky = showed the fallacy of this theory 
by draining open isolated duodenal and jejunal loops into the peritoneal 
cavity Their dogs lived indefinitely and showed no toxic symptoms 

3 Shock theory The clinical evidence of tachycaidia, low blood 
pressure and profound collapse, combined with wide dilatation of all 
splanchnic vessels, point to severe disturbance of the cardiovascular 
system 

These symptoms are true indications of shock and, as previously 
stated, appear in practically all cases of acute strangulation 

The protocols of dogs with simple intestinal obstruction, produced 
under local anesthesia, show an almost complete absence of shock 
symptoms The pulse and respiratory rates are always practically 
normal, the temperature curve shows only the usual diurnal variation, 
and the blood pressure remains the same even after twenty days 

Shock, however, is an acute affair always manifesting its symptoms 
within the first twenty-four hours These simple obstruction dogs 
live three or four weeks It is thus evident that shock is not a lethal 
factor m simple intestinal obstruction 

4 Toxemia This theory states that death in acute intestinal obstruc- 
tion IS due to the absorption of poisons produced by bacterial action 
on the stagnant bowel fluids which accumulate in the intestine above 
the obstruction This theory, which has received almost universal 


4 Krafft, quoted from Enderlain, Hotz Mitt a d Grenzgeb d ^fed u 
Chir 23 755,’ 1911 

5 Dragstedt, L R, Moorhead, J J, and Burckj, F W Experimental 
Study of Intoxication in Closed Intestinal Loops, I Ex'per Med 25 421 
(March) 1917 
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acceptance, has been supported by expeiiments demonsti ating that 
death is quickly produced when these fluids are injected intiavenously 
into normal animals Thus far, no one has been able to demonstrate 
toxins in the blood stream or their absorption by the intestinal mucosa 

5 Dehydration In 1912, McLean and Andries ” and Haitwell, 
Hoguet and Beekman,^ each group working independently of the other, 
concluded that the water loss from diamage of the body fluids into the 
intestinal lumen above the obstruction was the cause of the systemic 
symptoms and the eventual cause of death 

This dehydration theoiy seems very plausible, since clinically we 
know that the mechanical obstruction causes an almost immediate vomit- 
ing of all foods and liquids taken, and, in addition, that the profuse 
vomitus contains a considerable quantity of bile, pancreatic, gastric and 
intestinal secretions 

The last two theories have nevei been definitely proved or disproved 

METHODS 

The operative procedures used were substantially the same as those 
desciibed in the preceding papers All work was done on healthy dogs 
under aseptic technic Blood chemistry estimations were made at fre- 
quent intervals by the methods previously repoited Blood pressuie 
readings were made on the femoral artery under local anesthesia 

EXPERIMENTAL WORK 

Role of Toxemia — In our previous work on acute intestinal strangu- 
lation, it was noted that er'^en massive doses of ten hour strangulated loop 
fluid was 1 datively nontoxic when injected intrapei itoneallv into normal 
dogs This bloody exudate is an ideal culture media, even more so than 
intestinal secretions 

It thus seemed probable that the vomitus of simple obsti uction was 
likewise nontoxic, especially since dogs of the simple obstruction group 
vomit at least thiee or four times a day, and thus prevent prolonged 
bacterial action on the accumulating fluid Most high obstruction 
vomitus IS not exposed to bacterial action for more than a twelve hour 
period Selective action of the intestinal mucosa and vomiting also 
prevent much toxin absorption 

To determine, therefore, the relative toxicity of high obstruction 
vomitus, the total daily vomitus of four dogs with simple duodenal 
cold tie obstruction was collected, centrifugated, filtered thiough ordinal)' 
filter paper and slowly injected subcutaneously into noimal dogs of 
approximately the same size All vomitus was prepaied, and injected as 

6 McLean, A , and Andries, R C Ileus Considered Experimentally, 
J A M A 59 1614 (Nov 21 1912 
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soon as possible after it was obtained in order to prevent further 
bacterial action The vomitus was not heated because of the objection 
that this might destioy the toxins as well as the bacteria However, by 
this technic we were injecting millions of bacteria into the subcutaneous 
tissue of these dogs Apparently, dogs have good resistance to bacteria 
since only one of these dogs developed skin abscesses following the 
three days’ injection period 

Table 1 shows the most severe reaction noted 
Two days later, the dog had recovered entirely 
The experiments in Table 1 show practically no toxic elfect from the 
absoiption of this high obstruction vomitus, and we theiefore conclude 


Table 1 — Data Proving That High Duodenal Obstuictwn Fluid Is 

Relatively Nontoxic 

Dog 1, a male, weight 16 pounds (7 3 kg) Prepared vomitus injected 
subcutaneously 


Day 

Tune 

Vomitus 

Result 

1 

9am 

60 c e 

Vomitus appeared to have do tflect on 


12 

60cc 

dog 


1 p m 

60 c c 



3 

60 c c 



5 

60 ce 


2 

Oa m 

50 c c 

Temperature, 103 2 


12 

65 e c 

Dog slightly indisposed 


1 p m 

60 C C 



3 

60c e 



5 

60 c e 


3 

Dam 

65 c C 

Temperature, 103 


12 

60cc 

Dog looked sick, evidentlj had b ic- 


1pm 

50 c C 

teremn from injections 


3 

50 c C 



5 

50 c C 



that even the total daily vomitus is i datively nontoxic when injected 
subcutaneously, as soon as possible after it is obtained Since we know 
that the fluid current is mainly out of the body by way of the upper 
intestinal tract and is very laige, it is evident that only slight absorption 
of toxins can occur 

Death from toxemia thus seems very impiobable What then is 
the cause of death? Perverted secietion and bacteremia have been dis- 
pioved Shock, we have shown, is not present Staivation and 
dehjdration appeal to be the only remaining possibilities 

Role of Dchydiohon—Most woikers assert that since death is 
eaily and vomiting almost negligible, dehydration cannot be a prominent 
lethal factor Their opeiations were invariably under ether anesthesia, 
and the animals usually died in from thiee to five days No fluids were 
given subcutaneously, and little vomiting was noted 

On the othei hand, in the expeiimental work of Hartwell and 
Hoguet,- Bacon and Anslow and Eppler,' reports are made of the 

7 Bacon, D K , Anslow, R E , and Eppler, H H Intestinal Obstruction, 
Arch Surg 3 641 (Nov ) 1921 
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marked daily fluid output and loss of body weight in dogs of the simple 
obstruction type They, however, had given daily subcutaneous injec- 
tions of large quantities of saline solution and, under these conditions, 
the vomitus and urinary excretions were naturally much largei than they 
would have been had they allowed the body fluids to be gradually 
depleted, as they are in the ordinary cases 

With this fluid loss in mind, the clinical literature was examined for 
reports of total fluid output in human cases of obstruction, but none 
were found 


Table 2 — Fluid Loss in Low Duodenal Obsti uction 





Urine 





and 


Dog 

Weight 

Dijs 

Vomitus 

Result 

1 

18 5 pounds ( 8 4 Lg ) 

1 

lEOcc 

Dead m 60 hours from 


2 

520 c c 

perforation and pento 


15 4 pounds (7 kg ) 

3 

lOO c c 

nitis 

2 

43 pounds (19 5 kg ) 

1 

610 e e 

Recovered after 90 hours 



2 

415 c e 




3 

180 c c 



37 1 pounds (1C 8 kg ) 

4 

95 c C 


3 

24 pounds (10 9 kg ) 

1 

285 c c 

Died after 68 hours from 


2 

335 cc 

perforation 


19 2 pounds (86kg) 

3 

950 c c 


4 

20 pounds (9 kg ) 

1 

375 c c 

Recoiered on third day 


19 1 pounds ( S 6 kg ) 

2 

275 c c 




3 

195 c c 



17 2 pounds ( 7 8 kg ) 




5 

11 pounds (5 kg ) 

1 

100 c c 

Recovered on third day 


10 1 pounds ( 4 5 kg ) 

2 

115 ce 


9 5 pounds ( 4 3kg) 

3 

80 c c 


6 

20 4 pounds ( 9 2kg) 

1 

210 ce 

Recovered on fifth day 


19 9 pounds (9 kg ) 

2 

lEOc c 


19 3 pounds ( 8 7kg) 

3 

240 cc 



IS 9 pounds ( 8 6kg) 

4 

130 c C 



18 1 pounds ( 8 2 kg ) 

5 

65 c C 


7 

30 5 pounds (13 8 kg ) 

1 

250 C C 

Recovered on fourth day 


29 pounds 03 2 kg ) 

2 

185 c C 


28 3 pounds 02 8 kg) 

3 

195 c c 



27 8 pounds 02 6 kg) 

4 

105 c C 



We therefore experimented on a series of seven dogs with simple 
duodenal and ileal obstruction, an accurate record was kept of daily 
fluid loss by urine and vomitus Operations were performed, under 
local anesthesia, to prevent the usual atonic postoperative conditions of 
the bowel The dogs were kept in metabolism cages so constructed 
tliat all fluid excretions could easily be collected The obstruction was 
produced by ligating the bowel with a heavy cord tied just tight enough 
completely to block the bowel lumen These ties cut through the bowel 
wall at the end of four or five days, and the vomiting immediately ceased, 
thus indicating that the obstruction had been relieved 

These results, although observed over only a short period of time 
show that fluid loss is quite pronounced 
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In another senes of six dogs in which obstruction was produced b} 
section of the intestine and stump inversion, this daily fluid loss was 
replaced by subcutaneous injections of physiologic sodium chlorid solu- 
tion The results weie as follows One dog died of snuffles on the fifth 
day , anothei was killed on the twelfth day because of a laige skin 
abscess, and the remaining four lived fourteen, sixteen and seventeen 
days, respectively 

Table 3 shows the usual tempeiature, pulse and lespiratory 
vaiiations noted 

The foregoing results confirmed the work of Hartwell and Hoguet,® 
who first showed that, in simple intestinal obstiuction, if the fluid loss 

Table 3 — Typical Tempei atm e, Pulse and Respii ation m Obsti uclwn o} 

Lower Jejunum 

Dog 2, weight 55 pounds (24 9 kg), a large, black male 


Sodfiun 


Days 

Rectal 



Blood 

Cblorid. 

Before 

Temperature 

Pulse 

itespiration 

Pressure 

Cc 

Result 

1 

1014 

Si 

18 

150 



1 

992 

SO 

20 


250 


2 

1010 

126 

18 


250 


3 

102 2 

102 

22 


COO 


4 

102 

88 

20 


300 


5 

102 8 

84 

18 


soo 

Slight nasal discharge 

6 

102 4 

89 

20 


800 


r 

102 

73 

18 


SoO 


8 

1019 

90 

10 


250 


9 

1011 

66 

18 


850 


10 

100 4 

5S 

16 


460 

Snuffles worse 

11 

100 4 

56 

16 


350 


12 

100 4 

54 

20 


460 

Snuffles better 

IS 

101 

58 

22 


350 


14 

100 6 

74 

18 


360 


15 

101 

92 

20 


340 


16 

100 4 

172 

20 

100 systolic 

300 


ir 


Died 




Weight 41 lbs (18 6 Lg ) 


Necropsy Cbstructed. viscera grossly normal, no peritonitis, proximal and distal stumps 
well healed, lower G inches (19 2 cm) of proMmal intestine dilated slightly, and walls hiTier 
trophied 


is replaced, the animals will live two or three weeks They also indicated 
that fluid loss is a very important lethal factor m simple intestinal 
obstruction That dehydration, however, is the sole cause of death 
seems very impropable It certainly does not explain the rapid death 
obtained m experimentally produced obstruction Fluid loss through 
vomitus and excretions is never sufficiently pronounced in obstruction to 
cause death m one, five or even ten days All high obstruction dogs 
died m less than a week unless given fluid subcutaneously It seemed 
apparent, therefore, that in experimental work there must be some com- 
plicating factoi due to the operative procedure 

A careful review of the literature showed that, of the three methods 
used m producing obstruction, only one gave satisfactory lesults Cord 


8 Hartwell, J A , Hoguet, J P , and Beekman, F An Experimental 
Study of Intestinal Obstruction, Arch Int Med 13 701-736, 1914 
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tie and damp occlusion were too uncertain and too temporary, and 
perforation and peritonitis were very common With section of the 
intestine and inversion, the obstruction was very satisfactory, but the 
animals died in about five days unless given fluids subcutaneously It 
appeared eiident, therefore, that in the latter method the time during 
which healing of the inverted raw ends was taking place was a critical 
period The animals that survived this stage should give ideal 
experimental results 

Consequently, on a series of tour dogs, cut and inversion obstruction 
was produced, and physiologic sodium chlorid solution was given sub- 
cutaneously, during the first five days, to tide them over this reparative 


Table 4 — Simple Obstruction of Lowo Duodenum 
Dog 4, an adult, female collie, weight 34 2 pounds (11 kg ) 










u 

-> 



o 

p 

(h 


B 

O 

C3 

o 

o 

w 

k 

to jj 

CO o 
"CO 

P 

O 

ft 

a 

S o 
cO 

05 

05 

a 

u. 

ft 

Observation 


Cl 

C. 

B 

Cl 

o 

tn 

t-t 

a 

en 

V 

E 

o 

If 

S O 

S c. 

o 

o 

*3 t- 
o 

o. 

■c 

o 

o 


Q 


£ 

K 

> 

cc 

O 

6 


ft 


0 

102 2 

no 

18 



29S 

43 2 

23 

not 


1 

103 2 

152 

24 


250 




talcn 


2 

102.9 

144 

24 


250 






3 

102 0 

148 

22 


240 






i 

1031 

145 

24 


240 






5 

104 

140 

22 


250 





Urine scanty during rem lindcr 

C 

lose 

135 

22 







of starvation period 

7 

103 5 

140 

20 







8 

103 

138 

20 








9 

1031 

135 

20 








10 

102 7 

12S 

10 








11 

103 4 

128 

18 



320 

46 2 


138 sy 

stolic 

12 

102 6 

100 

12 







13 

102 6 

164 

18 



298 

00 49 




14 

102 7 

176 

16 








15 

102 0 

176 

12 







Mucosa of nasal and buccal 

10 

1021 

172 

9 







cavity dry and crusted 

17 

1421 

172 

11 



310 

536 

40 


18 

1018 

176 

10 








19 

102 7 

160 

10 

150 


320 

35 8 

54 



20 

102 0 

165 

12 






105 


21 

KSl 

Killed in afternoon 

330 

42 5 

67 




lSecrops^ (done immediatelj ) Weight 19 3 pounds (8 7 kg) Abdominal viscera grossly 
normal, no peritonitis, stumps uell healed, walnut sized abscess in mesentery just below 
proximal intestine Weights of Mscera, as follows Liver, 272 gm , kidne>s, 76 gm , spleen, 
10 5 gm , thjroid, 4 gm , suprarenals, 3 2 gm , pancreas, 21 gm and ovaries, 1 4 gm 


period Complete food and water starvation was then begun One 
animal died on the third day from hemorrhage in the proximal segment , 
another developed snuffles and was sacrificed on the fifth day The 
remaining two dogs, to our amazement, lived twenty-one and twenty- 
eight days, lespectively In other words, these animals lived sixteen 
and twenty-three days without food, water or salts with complete 
obstruction of the small intestine Tables 4 and 5 show the post- 
operatne results 

These two animals, especially during the last ten days, showed the 
typical picture of starvation The loss of weight was extreme The 
skin became dr} and inelastic, and the shedding of hair was pronounced 
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Folds pioduced in the skin flattened very slowly Salivarv secretion 
ceased entnely, and as a result the tongue and oial mucosa became 
crusted with foul smelling, dry serous placques The last five days, die 
nasal apertm es became plugged with similar seci etions and nasal breath- 
ing was harsh and difficult The skin was extremely anesthetic so much 
so that incisions caused no pain The extremities were cold and the blood 
flow through them of such small volume that the necessary amount of 
blood for chemistry estimations was difficult to obtain The rectal 


Table 5 — Simple ObsUnction of Uppa Jejunum 
Dog 5, an adult, female mongrel, weight, 51 pounds (23 1 kg ) 
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0 

1019 

90 

18 



315 

45 2 

23 

not 


1 

103 2 

148 

IS 


350 




taken 

Condition good 

2 

102 6 

140 

22 


240 





(Condition good 

S 

102 1 

126 

20 


240 





Condition good 

4 

101 8 

66 

18 


240 





Condition good 

5 

102 9 

64 

18 


250 





Condition good 

6 

102 2 

68 

18 


none 





Condition good 

7 

102 3 

64 

18 







Urine scanty 

8 

101 8 

72 

16 








9 

102 2 

68 

IS 

300 







10 

102 

£S 

22 








11 

103 3 

90 

20 

130 


310 

004 

40 

143 


12 

102.6 

98 

12 








13 

102 4 

126 

20 

250 


300 

06 5 

38 2 



U 

102 6 

143 

20 








15 

101 5 

160 

IS 

15 







16 

102 4 

156 

16 

860 






Isose dry, respiration harsh, 

17 

1021 

138 

10 

180 


300 

564 

40 


18 

1016 

134 

17 







crusts on nose and Ups 

19 

101 6 

114 

10 








20 

100 4 

124 

12 








21 

1001 

146 

14 



270 

53 7 

45 



22 

101 

150 

14 








23 

101 2 

140 

12 





41 0 



24 

102 2 

160 

14 

50 


290 

57 



25 

1018 

132 

15 








26 

101 9 

145 

10 






112 


27 

101 8 

160 

16 

410 


280 

62 7 

42 


Sudden death 

28 

102 2 

165 

18 







Necrops> (immediate) All thoracic and abdominal Mscep grossly normal, no pentomtis 
lotver 3 inches (7 6 cm) of proximal intestine slightlv dilated and walls , P “ , 

segment very small and atrophic Weights of organs, as follows t-iver, 2 d 4 gm >, t 7 
78 gm , spleen, 12 gm , thyroid, 3 gm , swprarenals, 3 gm , pancreas, 14 gm , and oianc., 
1 2 gm 


temperature was slightly subnormal , the pulse almost doubled in i ate 
and the respiiations weie very slow The blood pressure fell to about 
110 mm of mertuiy systolic 

Throughout the experiment the dogs wei e actn e and pla} f ul and 
except for thirst, vomiting and the symptoms mentioned, appeared 
absolutely normal At no time aftei the first fire dars was there am 
subjective or objective evidence of toxemia The temperatuie, pulse 
and respnatoiy changes were ceitainly not those of toxemia, and the 
appearance and action of the animals rvere essentially those of a normal 
animal undergoing starvation 
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The red blood cell count was consistently above normal after the first 
week, the counts varying between six and eight million Hemoglobin 
estimations (Haskins-Osgood modification of Sahh) fluctuated between 
120 and 135 per cent Viscosity deteiminations were made by comparing 
the time required (stop-watch) for normal oxalated blood to flow from 
a special 5 c c viscosity pipet with that for the oxalated blood of the 
obstruction animals This method, although not absolutely accurate, 
gave approximate results and revealed a quite decided increase in blood 
viscosity This increase was also visibly apparent, the blood appearing 
thick and flowing very slowly Clotting time was decreased, and no 
bleeding occurred following small skin incision A comparison of the 
foregoing charted blood chemistry figures with those of Dog 5 of 
Morguhs and Edwards’ ^ starvation series (the only animal deprived of 
both food and water) shows that the changes aie almost identical The 
chlorids remain normal or slightly increase, the nonprotein nitrogen 
increases gradually although never to a v'-ery high figure, and the carbon 
dioxid combining power of the blood varies, usually slightly abov'^e 
normal limits These changes are all indicative of the anhydremia 
of starvation 

A rather unique case of simple intestinal obstruction was seen by us 
several months ago and will be repoited here, as it represents the type 
of obstruction produced by gallstones, foreign bodies and enteroliths 
The owner of a large Airedale brought the animal to the medical school 
for treatment He stated that the dog was poisoned about two weeks 
before, as a result of eating fresh salmon (common in North- 
west) During this time, the dog had vomited all food and 
water eaten, had lost markedly in weight and strength, and when 
seen was in a precarious condition Subcutaneous injections of 
physiologic sodium chlorid solution were given at once, but with 
little results, the dog dying on about the eighteenth day after the 
onset of the obstruction symptoms At neciopsy, a round basalt stone 
about 2 inches (5 cm ) in diameter, was found tightly lodged in the 
lower ileum above 5 inches (12 7 cm ) above the ileocecal valve The 
small intestine above this point was markedly dilated, congested and 
contained a small quantity of fluid No perforation or peiitonitis was 
present, and the obstruction was complete This case further substan- 
tiates the belief that starvation is the cause of death in simple obstiuction 

COMMENT 

It has been previously demonstrated that in uncomplicated cases of 
acute simple intestinal obstruction, bacteremia and perverted secretion 

9 Morguhs, S, and Edwards, A C Chemical Changes in the Blood 
During Fasting and Subsequent Refeeding, Am J Physiol 68 477 (May) 1924 
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of the intestinal mucosa aie not the causes of death Shock, the pre- 
dominating lethal factor in acute strangulation of a laige segment of 
intestine, is never present in simple obstiuction A leview of the tem- 
peiature, pulse and lespiration and blood piessuie curves of the 
accompanying tables shows a complete absence of shock symptoms 
This theory, therefoie, appears untenable 

That death is due to a toxemia is also veiy impiobable foi the 
following reasons 

1 The relatively slight toxicity of even large quantities of vomitus 

2 The deci eased absorption fiom the proximal segment 

3 The fact that dogs with closed, isolated loops full of extremely 
toxic fluids live months without showing marked toxic manifestations 

4 The quicker death in high obstruction (m this the function of 
the intestine is mainly secretoiy), and the slower death in low obstruc- 
tion, in which normally much absorption occuis, and in which the 
intestinal secretions become more toxic because of delayed vomiting 
and moie piolonged bacteiial action 

5 Furtheimore, the entire clinical picture, namely, the temperatuie, 
pulse, respiratoiy and blood piessure variations and the general appear- 
ance of the patients and the experimental animals, certainly is not that 
of a toxemia 

6 In addition, the fact that, in uncomplicated cases of experimentally 
produced intestinal occlusion, the subjects live three or four weeks 
without food or water or any treatment whatsoever proves definitely that 
toxemia is not the cause of death 

The expel imental workeis supporting this theory have attempted to 
piove It by demonstrating that fluid fiom closed isolated loops is 
lapidly fatal when injected intravenously into normal animals By 
chemical extraction, they conclude that the toxins are proteoses, nucleo- 
proteins and histamm derivatives Undoubtedly, intestinal secretions 
become very toxic when exposed to prolonged bacteiial action Death 
following intravenous administration, however, proves nothing, since it 
has long been known that many substances are extremely fatal vheii 
introduced directly into the blood stream, whereas if allowed to pass 
through normal intestinal mucosa their poisonous properties aie entirelv 
destroyed Intravenous peptone injections may cause rapid death, }et 
the absoiption of peptone from the noimal intestine is, on the contiary, 
a natuial physiologic process 

Furthermore, the absorption or piesence of these toxins in the blood 
stream has never been demonstrated, nor has the intioduction of blood 
from animals dying fiom obstiuction ever produced untoward s}mptoms 
or death 



42 


ARCHIVES OF INTERNAL MEDICINE 


It IS thus evident that, in uncomplicated acute simple obstruction, 
toxemia is not piesent, and that death is purely the result of starvation 
All injected food and water is quickly vomited, and the result is theie- 
fore essentially the same as if these substances had been withheld 
Fluid loss through urinary and respiratory excretion is probably similar 
in both starvation and obstruction In addition, however, the obstructed 
animals are losing consideiable quantities of the various juices secreted 
into the gastio-intestinal tract In the normal starving animal these 
fluids are all reabsorbed Gasti ic secretory loss, as Pawlow has indicated, 
IS negligible after the fifth day of starvation Pancreatic juice secretion 
probably shows a similai inhibition Intestinal and biliary secretion, 
however, continues throughout the obstruction period, as indicated by the 
large quantity of bile stained vomitus Experiments with biliary 
jiancreatic and intestinal fistulas show that animals can survive these 
secretory losses for long periods of time, thus indicating that, in intestinal 
obstruction, this, in itself, does not cause death but instead merely hastens 
the starvation process 

That dehydration is ver}? pronounced is evident The dehydration 
theory, therefore, contains an element of truth Fluid loss, however, is 
only a part of complete starvation for, in the latter, both food and fluids 
are withheld Ordinary dogs deprived of all food and water live from 
fourteen to sixty-six days, with an average of about thirty days, whereas, 
if allowed water but no food, they may live more than four months 
These figures indicate that death m simple obstruction falls within the 
same period of time as does ordinary starvation The extra fluid loss 
in obstruction through vomitus merely accelerates the starvation process 

Furthermore, a review of the tables outlining the experiments on 
the two starvation dogs shows that changes are exactly similar to those 
reported for normal starvation animals The increased viscosity of the 
blood, the high red cell and hemoglobin figures, the decreased blood 
volume flow through the extremities, the blood chemistry changes, the 
extreme loss of body weight and the temperature, pulse and lespiratory 
curves have all been previously repoited in starvation experiments 

The statement of Wei elms that death in obstruction may be due to 
hepatic insufficiency and to a large amount of nonpenstaltic bowel is 
not confirmed by our experimental work Fluoioscopic examination of 
the proximal segments has always shown very active peristalsis even up 
to the time of death That the distal intestine also is not aperistaltic, 
as generally stated, is proved by the fact that these obstruction dogs 
frequently pass small quantities of the white pasty feces that accumulate 
in the distal intestine The vomitus is always darkly bile tinged and, 
during the last two weeks, appears to contain a gradually increasing 
amount of this hepatic secretion At necropsy the fluid lemaimng in 
the proximal intestine is blackish green, and the gallbladder is distended 
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with black, syiupy bile Fuithermore, blood sugar and urea estimations 
show no extieme variation from the noimal, and the clotting time, 
instead of being iiici eased, is, on the contrary, maikedly decreased 
Apeiistalsis and ahepatism seem to play no idle in acute obstruction 
death 

Experiments with obstiucted mucosal extiact have nevei wan anted 
sei lous consideration 

Haden and Ori state that, in high, simple intestinal olistiuction 
the dial actenstic changes in blood chemistiy are a fall in chlorids, an 
inciease in nonprotein nitiogen and, usually, an mciease in the caibon 
dioxid combining powei of the plasma Since the nonpiotem nitiogcn 
mciease does not begin until aftei the chloiids aie well depleted, they 
conclude that the chloiids act as detoxicating agents The}'’ also assume 
that the toxins aie absorbed fiom the intestinal tract, and suggest that 
they cause much tissue destruction An examination of then piotocols 
shows that most of then dogs died within fiom two to five da}s aftci 
the obstruction was pioduced, namely, dining the healing peiiod unless 
tieated by subcutaneous saline injection Then conclusion, therefoie, 
as to charactei istic blood chemistiy changes, toxin, absoiption and tissue 
destruction appears unwai ranted On the contiaiy, we find that the 
blood chemistiy changes in untreated, uncomplicated, simple obstruction 
dogs aie almost identical with those lepoited by Morguhs and 
Edwaids ” for complete food and water starvation The chlorids, instead 
of being deci eased, lemain noimal oi show a slight mciease The 
nonprotein nitrogen inci eases m the same latio as that occuiimg m 

starvation The caibon dioxid combining powei of the plasma varies 

« 

consideiably, usually somewhat above the noimal limits 

CONCLUSIONS 

1 Death in uncomplicated cases of acute intestinal obstiuction is due 
to starvation 

2 The blood chemistiy changes noted m uncomplicated simple 
intestinal obstruction are almost identical with those found m complete 
staivation Hypochloi emia is not piesent 

3 Dehydiation, in uncomplicated cases of simple intestinal obstiuc- 
tion, is usually vei y pi onounced 

10 Haden, R L, and Orr, T G Effect of Inorganic Salts on the Chemical 
Changes in the Blood of the Dog After Obstruction of the Duodenum, T 
Exper Med 39 321 (Feb ) 1924 
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NEW YORK 

For the last three years, I have been feeding intarvm to diabetic 
patients and wish here to report the results thus far obtained Most 
likely, this series of cases is the largest treated in this manner in 
one clinic 

Before I discuss the effects of mtarvin, it is perhaps advisable briefly 
to review the rationale of this treatment 

Intarvm is the glyceryl ester of margaric acid Its chemical formula 
IS (Ci 6 H 33 COO )3 CHa CH CHa We synthesized it in edible form in 
our laboratory The theory underlying the therapeutic value of intarvm 
IS, briefly, as follows 

In the wake of the intolerance for starchy foods that the diabetic 
patient evinces, there follows a disturbance in the assimilation of the fat 
foods, and this derangement is still more dangerous to the patient 

How do fats break down in the body^ 

It was shown by Knoop,^ in 1905, that when fatty acids are given 
to animals in combination with aromatic radicals they are oxidized in a 
definite manner in the animal organism It is known that if benzoic acid 
IS administered by mouth it is excreted in the urine in conjunction with 
ammo-acetic acid as hippuric acid 

If a higher acid than acetic acid is administered, the resultant product 
eliminated is either the hippuric acid or the phenacetunc acid, depending 
on whether the side chain was of an odd or even number of carbon atoms 
Knoop, therefore, concluded that, m the oxidation of fats, the beta-carbon 
atom was oxidized and that two carbon atoms dropped from the chain 
together This view was supported by Dakin’s discovery that 
when phenyl propionic acid was given in large amount phenjd beta- 
oxypropionic acid was detected m the urine 

In his excellent summary, “Physiological Oxidations,” Dakin - 
reviews the modern status of the theory of oxidation of fatty acids I 
quote from him 

In spite of a good many vigorous onslaughts, the theory of beta-oxidation 
applied to fatty acids as put forward originally by Knoop has held its own It 
will be recalled that one of the mam supports of Knoop’s views was furnished by 
Embden’s observation that the normal fatty acids containing an even number of 
carbon atoms, varying from 4 to 12, all gave rise to aceto-acetic acid when their 

^ From the department of metabolism, Beth Israel Hospital, and the biochem- 
ical department, Columbia Universitj College of Physicians and Surgeons 

1 Knoop, F Beitr z chem Phys u Path 6 ISO, 1914 

2 Dakin, H D Phj'Siol Rev 1 406 (July) 1921 
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salts were perfused through a surviving liver The normal fatty acids containing an 
uneven number of carbon atoms failed to cause any increase in aceto-acetic acid 
production An interesting clue to the probable fate of some of these normal 
fatty acids has been furnished by Ringer, who finds that propionic acid is prac- 
tically quantitatively converted into glucose in the phloridzmized dog and that 
normal valeric and heptylic acids given an amount of glucose under similar con- 
ditions comparable to the amount of propionic acid they might yield through 
beta-oxidation 

CHs CH 2 cHs ca CH= ca cooh ca ca ca ca cooh ca ca cooh 

Blum and Wonnger have recently shown that when propionic acid is given to 
normal dogs and rabbits, lactic and pyruvic acids are excreted, and these 
undoubtedly represent intermediary products of the oxidation of propionic acid, 
although it is not clear as to which of these two acids is first formed or whether 
perchance they are formed from acrylic acid, which Schwenken has shown to be 
almost quantitatively converted into glucose in the phlondzinized dog The con- 
version of propionic acid into lactic acid explains the conversion of the former 
acid into glucose in the phlondzinized animal, for as is well known, the con- 
version of lactic acid into glucose under these conditions is virtually quantitative 
The formation of lactic and pyruvic acids from propionic acid must be regarded 
as a case of alpha-oxidation, though possibly indirect, but since normal beta- 
oxidation witli formation of ketonic acid is no longer possible with a three- 
carbon acid it need not be regarded as violating the beta-oxidation rule applicable 
to acids containing four or more carbon atoms It appears, therefore, that in the 
metabolism of normal fatty acids containing four or more carbon atoms aceto- 
acetic acid IS a common metabolite of all those with an even number of carbon 
atoms, while lactic acid is common to those with an uneven number 

In the catabolism of fats (under normal conditions, that is 111 the 
piesence of proper caibohydrate oxidation) there is a lapid bieakdown 
of the fatty acid radical to the four-caihon acid, 1 e , butyiic acid 

CH=-OOC-CH=-CH=-CH=-R COOH 

CH-OOC-CH=-CH--CH:-R CH= 

CH:-OOC-CH=-CH=-CH.-R CH= 

CH3 

The butyl 1C acid is then lapidly catabolized to caibon dioxid and watei 

This process, however, is markedly distuibed in states of deficient 
caibohydiate oxidation In the latter circumstance, the fats are pii- 
maiily broken down to butyric acid, as in the noimal condition, but, in 
the absence of the heat of carbohydrate consumption, the fuither decom- 
position of the butyric acid proceeds very slowly The butyiic acid, 
under these conditions, is decomposed fiist to beta-oxybutync acid and 
then to aceto-acetic (01 diacetic) acid The further decomposition to 
acetone takes place very largely 111 the mine itself 

COOH CHo CHo CH3 COOH CHj CHOH CH3 COOH CHs CO CH3 CH3 CO CH- 

I Butyric acid II B Oxybutync III Aceto acetic IV Acetone 

Rosenf eld ^ has said that fats burn only in the fires of carbohydrates, 
but this IS not quite light, as only the breakdown of the lowest products 
of fat decomposition, that is to say, the acetone substances, depends 
on the catabolism of the caibohydrates 


3 Rosenfeld, Genia Biochem Ztschr 109 250, 1920 
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This conversion to glucose does not take place in pancreatoinized 
dogs nor in diabetic patients, again deinonstiating the great difleience 
between phlorhizin glycosui la and ti ue diabetes 

Di Sansum of the Potter Metabolic Clinic, Santa Barbara, Calif , 
draws the following conclusions from his experiments on intaivin I 
shall conclude my paper by quoting these sentences 

1 Intarvin, unlike natural fat, may be used in the diet of a patient with 
severe diabetes without fear of acidosis 

2 The substitution of natural fat for intarvin in the amounts used in the 
experiment promptly brought on an alarming acidosis 

3 The foregoing severe acidosis was promptly relieved when the intarvin 
was restored to the diet 

Gies and Heft, in collaboration with me,® report as follows 

Eight normal, female rats from one litter were originally separated into 
groups of four One of two males, of practically the same size and vigor from 
an unrelated litter, was added to each of these two groups One group received 
a balanced natural diet with a definite proportion of intarvin mixed with the 
meat ration The other group received the same natural diet under identical 
conditions, with rendered lamb fat instead of intarvin added to it In each 
successive generation, thereafter, the maternal rats that received intarvin were 
selected from the direct descendants of those that had previously been given 
the “intarvinated” diet The control maternal rats in each generation m a 
series were selected from the direct descendants of those that recened a diet 
containing an addition of lamb fat The paternal rats in each generation 
(unrelated to the females) were selected on the same dietary basis as that for 
the maternal, or from litters on the ordinary diet without addition of fatty 
matter 

Rats have been carried, in this parallel way, into the fourth generation in 
one series and into the third generation in another (The experiments are in 
progress, and litters in the fifth and fourth generations, respectively, will 
soon be available) There has been no discernible effect on the animals thus 
treated, or on their fecundity The animals in the third and fourth generations 
appear to be as completely normal as those with which the tests were started 
last August 

The tissues of many of the rats have been used in the studies of the 
absorption and distribution of glyceryl trimargarate 

Hubbard and Wrigbt have obtained tbe following results I shall 
quote seveial of tbeir sentences 

Haldane has shown that if large doses of sodium bicarbonate (0 6 gm per 
kilogram of body Aveight) are fed to normal subjects receiving normal diets 
the metabolism of glucose is depressed and acetone bodies appear in the urine 
An experiment was planned to determine ivhether an increased excretion of 
acetone could be induced by moderate doses of the alkali in an arthritic subject 
who ivas receiving a diet which furnished sufficient calories for her needs 
(the patient gained in w'eight during the period of study) but which contained 
such small amounts of carbohydrate as just to prevent any significant ketosis 
A markedlj increased excretion of acetone ivas induced by 1 3 gm (20 grains) 
of sodium bicarbonate fed in three equal doses after each meal The increased 
excretion lasted as long as the drug ivas continued (from August 11 to 18) 
The diet ivas approximately constant throughout the experiment except on 
the 17th and 18th of August, ivhen the carbohydrate was somewhat decreased 
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through an error After this experiment part of the fat in the diet nas 
replaced by a synthetic fat containing fatt}'^ acids with an odd number of carbon 
atoms (mtarvin) A reduction in the amount of acetone excreted was found 
on the 22d and the 23d, as would be expected from the work of Kahn The 
carbohydrate content of the diet was then slightly decreased, and again 
mtarvin was substituted for part of the fat (August 28) and an e%en greater 
decrease m the excretion of acetone than before was found In this experiment 
on a subject maintained at the borderline of ketosis, therapeutic doses of sodium 
bicarbonate caused an increased, and the synthetic fat mtarvin a decreased 
excretion of acetone 

Lundm and Modern® confiimed my lesults as to the non- 
production of acetone substances from mtarvin The results they have 
otherwise obtained are highly interesting, if not illuminating, and m}- 
critique of their woik will appear in the Journal of Metabohc Research 

In feeding mtarvin, the following plan is followed The diet of the 
patient is detei mined according to the conventional method, i e , it is 
detei mined how many giams of fats, carbohydrates and protein the 
patient can take m without the foimation of acetone or the excretion of 
glucose in the urine If the patient needs insulin, it is administeied to 
him according to the orthodox system, after the proper diet for such 
a subject has been computed 

Now, having administered this piopei diet of nafujal fats, carbo- 
hydiates and piotems, the caloiic value yielded is calculated, and to this 
value is added a sufficient weight of aiftficial fat (intaivm) to bung up 
the caloiic intake to a good maintenance diet Thus, for example, if a 
patient without insulin can only take in 800 caloiies a day, and with 
insulin 1,800 calories a day, mtaivm may be added to bung up the caloric 
intake to say 2,500 caloiies a day If a patient, foi any leason, does not 
leceive insulin (whethei insulin has no effect, oi the patient does not 
lequiie insulin, or lefuses to take it), a quantity of mtarvin may be 
added sufficient to make the toleiance diet a maintenance diet 

Intarvm may be administered in any foim It has been repoited to 
me that exposuie of mtaivin in a plate to the diiect rays of the sun 
takes away its flavor (slight as it is) I have found that it can easily 
be taken dissolved in hot black coffee or tea If the physician does 
not impress the patient with a psychologic distaste, the patient will not 
observe any disagreeable flavor or odor It surely is more tasteful 
than any emulsion of cod liver oil 

SUMMARY 

The results obtained in patients may be summarized as follows 

1 It nourishes them, so that they gam weight 

2 It allays their sense of hunger 

3 It stiengthens them, so that they do not feel so weak and 
tired,” the usual complaint of the diabetic patient 
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4 It never produces ketosis, i e , beta-oxybutyric acid, diacetic acid 
or acetone 

5 It never pi oduced acidosia This I have determined in moi e than 
100 cases by examination of the blood for the caibon dioxid com- 
bining powei 

6 It nevei yields glucose 

7 Many more patients can be tieated with intarvin, and thus insulin 
can be preserved for the patients with very severe diabetes who really 
need it 



METHODS OF RECOGNIZING SCAPULAR TYPES 

IN THE LIVING ' 

WILLIAM WASHINGTON GRAVES, MD 

ST LOUIS 

My investigations’- led to the classification of scapulae (convex, 
straight and concave), and bi ought the scapula into definite relation with 
a number of biologic problems Among these may be mentioned 
morphogenesis and ontogenesis in geneial, bone giowth, bone form and 
variation in man and other vertebiates, the modification of bones by 
muscle attachments, muscle pull and vaiious environmental influences 
m prenatal and postnatal periods , age changes in bone and other 
tissues , human heiedity , human longevity , human moibidity, and human 
adaptability in general The relations of the scapula to the foregoing 
problems and the desirability of establishing uniform and dependable 
methods of recognizing scapulai types in the living are shown by 
lecallmg some lecent findings 

SUMMARY OF SOME RFCENT. FINDINGS 

1 Some recent findings aie Similai scapular types aie present m 
varying degrees and peicentages in the skeletcd lemains of all accessible 
human laces and stocks both ancient and modem 


’•Fiom the Department of Nervous and Mental Diseases, St Loins University 
School of Medicine 

1 Graves, W W The Scaphoid Scapula, A Ficquent Anomaly in Develop- 
ment of Hei editary. Clinical and Anatomical Significance, Med Rec 78 861- 
873, 1910, The Clinical Recognition of the Scaphoid Type of Scapula and Some 
of Its Correlations, JAMA 55 12-17 (July 2) 1910, Some Remarks on the 
Scaphoid Scapula and Its Syndrome, Tr Nat A Study of Epilepsy 8 56 (June 
16) 1911, The Scaphoid Scapula Syndrome, Its Connection with Syphilis in the 
Ascendants, Interstate M J 18 109-116, 1911, also translated m Deutsche 
Ztschr f Nervenh 41 247-257, 1911 , Scapula scapoidaea, erne haufig vorkom- 

mende Anomalie des Schultcrblattes, ihr Zusammenhang mit Sjphihs m dei 

Aszendenz, Med Klin 7 208-301, 1911 , Einige Bemerkungen ubei die Scaphoid- 
skapula und ihre Begleiterscheinungen, Wien khn Wchnschr 25 245-238, 1912, 
Remarks on the Scaphoid and Its Syndrome, the Connection with Syphilis in 
the Ascendants, J Cutan Dis mcl Syph 31 241-245, 1913 , The Age Incidence 
of the Scaphoid Type of Scapula Its Bearing upon Problems of Racial Mor- 
bidity, Contributions to Medical and Biologic Research, New York, Paul B 

Hoeber, 1 525-532, 1919, An Appeal for Embryos and Fetuses, J A kl A. 
73 1788 (Dec 6) 1919, Discussion The Scaphoid Type of Scapula, Am J 
Syph 4 478, 1920, The Types of Scapulae A Comparative Study of Some Cor- 
related Characters in Fluman Scapulae, Am J Phys Anthropol 4 3, 1921 , 
Observation on Age Changes in the Scapula, a Preliminary Note, Am J Pins 
Anthropol 5 21, 1922, The Age Incidence of Scapular Types Its Possible 
Relation to Longevity, Tr Am A Life Insurance Medical Directors, 1923, 
The Relations of Scapular Types to Problems of Human Heredity, Longevity, 
Morbidity and Adaptability in General, Arch Int Med 34 1-26 (July) 1924 , 
German translation in Ztschr f Konstitutionslehre, to be published 
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2 Scapular types are inherited morphologic featuies, and with the 
exception of definite racial marks of inheritance, in no accessible 
morphologic feature common to “normal” human inheiitance thus far 
known do the members of a given generation moie closely and more 
frequently resemble each other and at the same time one oi both parents 
than they do m scapular types 

3 In the tenth to twelfth fetal week the human scapula has attained 
the general form it apparently ever afterward retains, and in this early 
period of development the same scapular types are found as in all 
subsequent periods of prenatal and postnatal existence 

4 In prenatal and postnatal periods one finds scapular type asym- 
metries, “mixed types,” in the same person These may be convex on 
one side and on the other concave, or convex on the one side and straight 
on the other, or straight on one side and concave on the other Such 
asymmetries in type are independent of right or left-handedness, occu- 
pation, disease or other environmental influences Moreover, similar 
mixed types are found m some other mammals 

5 In all postnatal periods of life, each scapular type (convex, 
straight and concave) is found m varying degrees and peicentages, 
regardless of race, stock, sex, social level, occupation and environment 
They are found m the tall, the short, the fat, the lean, the “broad backs,” 
the “narrow backs,” the weak, the strong, the healthy, the sick, the near 
to, and the remote from, an ideal m development, the mentally brilliant, 
the average and the defective, the well and the poorly muscled, the 
“excellent,” the “good” and the “poor” types, and in all heietofore 
described human types 

6 It is among persons disclosing innate defectiveness in adaptation, 
those disclosing definite asymmetries, disproportions and dishai monies 
m total make-up, that the straight and concave types are most fre- 
quently found 

7 Investigations of various groups of human beings repiesentmg 
living, necropsy and skeletal material of known age disclose a finding 
as yet unparalleled in mammalian morphogenesis, the age incidence of 
scapidai types, that is, it has been found that the convex increases 
while the straight and concaAe decrease m frequency of occurrence dur- 
ing successive age periods from birth to old age 

8 It also has been found that no process or circumstance as yet 
known changes one scapular type into another after the earliest type 
formation, hence the inference is tenable that the stiaight and concave 
are more often found than are the convex in the plus potentially sick the 
shorter lived of the race 

From the foregoing summary it becomes apparent that the human 
scapula has definite relations to the pioblems mentioned and paiticularly 
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to those of human heiedity, morbidity, longevity and adaptability in 
general These aie vital, practical and endming piobleins, requiring 
univeisal and continued leseaich They are enduring because they aie 
founded in difterences and similarities (vaiiations) appaient in the 
individuals of vaiious species, and in none more so than in the human 

GRAVES* 

SCAPULAR CLASSIFICATION 
CONVEX STRAIOHT CONCAVE 

BASED PRIMARILY OH CHARACTER OF GREATER POR- 
TION OF VERTEBRAL-BORDER CONTOUR BELOW SCAPU- 




LAR FEATURES IN THE CONVEX. Wff 

Fig 1 — Scapular types, drawings by P A Conrath A, convex: type 
(Cv2) , B, straight scaphoid type (St), and C, concave scaphoid tjpe (Cc3) 

The helpfulness of scapulai classification m the prosecution of these 
problems will depend on the ease and reliability with which scapular 
types can be recognized in skeletal and living material It is therefore 
the prime purpose of this article to point out dependable methods 
applicable to the h\mg This seems all the more necessary since the 
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lecognition of scapular t^pes represents a phase of the physical exami- 
nation unknown prior to the classification of scapulae in 1910 

BASES or SCAPULAR CLASSIFICATION 

Probably no bone in the bod)^ discloses as many morphologic and 
architectural characteis as the scapula Each of these characters shows 
a range m variation, but none a wider range than the vertebral border 
beloii the scapular spine The \ ai lation-range of this part of the 
bone IS from extremely convex to extremely concave or vice versa 
Consideration of this fact enables one to classify the scapulae of various 
human races and stocks and of some other mammals into convex, straight 
and concave types The classification of scapulae in human skeletal 
and living material is based primarily on the character of the greater 
portion of the veitebral border contour below the scapular spine in its 
relation to a straight line By “greater poition” is meant the contour 
of the vertebral border between its point of mergence with the scapular 
spine and a point where it meiges with the inferior angle region The 
contour of the “gi eater portion” of this part of the vertebral border 
may be regularl}-, irregularly, slightly, moderately or markedly convex 
or conca^e, or it may be straight or nearly so, tending rather to con- 
cavity than to convexit} The classification is based secondarily on an 
assemblage of variations pecuhai to, or most frequently found in, 
each t}pe Thus one t}pe of scapula is brought into more or less 
sharp contrast vith the other t)pes not only by the character of the 
vertebral bordei contour (convex, straight or concave) but also by a 
number of con elated characters While each scapular type embodies a 
variable constellation of con elated chaiacters, it is neveitheless the 
relation of the contoui of the gi eater poition of the vertebral border 
below the scapular spine to a stiaight line that establishes a firm founda- 
tion for scapular classification m skeletal and living human material 
Figure 1 summarizes and pictures the primary basis of scapular classifi- 
cation and suggests useful S 3 mbols in recording the types and varying 
degrees of convexit}’" and concavity 

METHODS APPLICABLE TO THE LIVING 

It IS a principle in clinical medicine and anthropometr}'^ to measure 
ever 3 ’thing that can be measured with instruments of precision, but some 
of our most important findings are secured by comparing things and 
by exercising our povers of observation It is vnth such methods that 
scapulai classification must in the mam be made In appi oximatel}'^ 
6,000 skeletal scapulae, I have found only twenty-two mature bones, 
less than 0 5 per cent , m which classification was doubtful oi impossible 
As it depends on the factors of age, mental state, the nature of the 
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material and the personal equation, classification is obviously more fre- 
quently doubtful or impossible m the living The methods applicable 
to the living are founded on the proper use of inspection, palpation and 
roentgen ray In any part of the physical examination, the subject 
must be capable in some measure of cooperating with the examiner , 
hence the age or mental state of the person may wholly prevent classifica- 
tion or render it unceitain In subjects under 3 years and especially in 
infants, in the definitely feeble-minded m all ages, m epileptics and 
dements, and m negativistic, resistive and excited insane, scapular 
classification is found to be difficult or doubtful m many and impossible 
111 some In the very obese m any period of life, classification can 
never be accurate, except with the aid of the roentgen ray Accuracy 
even with this method depends on the use of proper piecautions in 
minimizing or m pi eventing shadow distoition To these ends, if the 
fluoroscopic examination is made, the subject should stand squareh 
before the target while the fluoioscope is placed squaieU o\ei the 
scapular legion To secure a reliable pictuie, the subject should lest 
with the scapular region squarely on the plate with the arms close to 
the sides and the foreainis in positions of model ate supination The 
exposure should be made while the subject holds his breath at the end 
of a deep inspiration Prior to the sixteenth year of life, the roentgen 
ray is not dependable because the veitebial border and the infeiior angle 
regions are still mainly cartilaginous, and the veitebial bolder cartilage 
is practically transparent to the ray in the living 

Depending on the age, mental state and nature of the material 
encountered the difficulties m scapulai classification are "sery real, 
but they are practically negligible with proper methods undei normal 
conditions There is, however, another difficulty common to every 
phase of the physical examination, whether made with mstiuments of 
precision or other means, and this is the personal equation The use 
of proper methods reduces this difficulty to a minimum, but it can 
never be wholly eliminated as long as the physical examination must 
be made with the imperfect mechanisms common to human beings It 
IS only by being conscious at all times of one’s own impel fections and 
of the sources of eiror that one may secure lesults m scapular classifica- 
tion comparable in accuracy to other phases of the physical examination 
It IS in carefully carrying out the methods of inspection and palpation 
in orderly sequence, remembering the sources of error and in utilizing 
certain bodily correlations of scapular t}pes that the personal equation 
with these methods can be reduced to a minimum and a high degree of 
accuracy can be secured Let us now direct our attention to some of the 
bodily correlations of scapulai types and to avoidable pitfalls in classi- 
fying them when inspection and palpation are emplo) ed 
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Inspection — Classification by whatever method should never be 
attempted through the clothing While the subject is stripped at least 
to the waist line and standing at ease with the shoulder girdle muscles 
relaxed and in good illumination, one should note the general develop- 
ment, the bodily habitus and attitudes, the topography of the trunk and 
abdomen, the form of the chest, the course of the clavicles, the right 
and left acromial level (height), the length of the neck, the spinal 
curves, the general musculai development, the dimensions and foim of 
the mterscapular space and the relation of the veitebral borders to the 
vertebral axis In noting these points, one cannot avoid seeing others, 
such as nearness to, and remoteness from, good degrees of sjmmetry, 
proportion and harmony of the entire phj’^sical make-up, and varia- 
tions about the skull, face and other parts of the body All of these 
are helpful in the recognition of scapular types During inspection of 
a number of persons, one quickly becomes aware of variations more 
frequently associated with one scapular type than with otheis, not only 
in the parts but in the total make-up of the subject Among the varia- 
tions that appear to be moie frequently correlated witb straight, and 
especially concave, than with convex types are rather sluggish bodily 
attitudes, “narrow back” habitus, meager oi model ate musculature, 
long neck, drooped, hanging or lounded shoulders, chicken and funnel- 
shaped chest , long and flat chest often unduly flattened about the upper 
third anteriorly either unilaterally or bilaterally, narrowness of the 
costosternal angle, a horizontal or transverse course of one or both 
clavicles, prominent sternoclavicular and acromioclavicular joints, 
postural spinal curves of varying nature and degiee, a difference in 
acromial level, and the relatively frequent finding of a flattened or 
retracted appearance of the upper third of the chest anteriorly on the 
low shoulder side Moreovei, one seldom finds in any age period Cc2 
in “broad backs,” but Cc2 and Cc3 types are relatively frequent findings 
in “narrow backs” prior to the fiftieth year of life 

The modeling of the vertebral border below the scapular spine is 
readily seen, except in the obese and the unusually well muscled One 
frequently notes that the vertebral borders and the inferior angles are 
prominent (winglike), and these findings may be present in any type, 
but “winging” is more frequently associated with straight and concave 
types than with the convex (Figs 2 and 3) 

Differences in dimension and form of the mterscapular space are, 
in themselves, often dependable signs of type The mterscapular space 
IS usually narrowed m the convex and widened m the straight and m the 
concave because the average of each of three scapular indices is less in 
the straight and in the concave than m the convex (Figs 2 and 3 ) Usually 
m the convex the form of the space is roughly A shaped , the general 
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direction of the vertebral border is downward and laterah\ard, and the 
inferior angle of each bone is then from 1 to 4 cm further away from 
the vertebral axis than is the base of the scapular spine (Fig 2A, 
Fig 35) In the straight or concave, the base of the scapular spine 



Fig 2 — C and D are sisters, E and F, brother and sister, all subjects are 
standing at ease, shoulder girdle muscles rela-ved, showing modeling of each 
vertebral border contour below the spine and the dimension and form of each 
interscapular space Narrowness of space in A should be noted, broadness m 
B, C, D, E and F The space is A-shaped m A, H-shaped m B and F, V-shaped 
in C, D and E D has the Cc2 type on the left and the Cc3 on the right, and 
the right shoulder is definitely lower than the left The other subjects have sym- 
metrical types, and the shoulders of each are approximately equal in height 



Fig 3 — Subjects standing at ease, shoulder girdle muscles relaxed showing 
modeling of vertebral border contour below spine Broadness of interscapular space 
should be noted m A and narrowness in B and C The space is A-shaped m B, 
H-shaped in A and C C has Cv2 type on the left and Cvl on the right, and the 
right shouldei is lower than the left A has the straight type on the right and 
the left, B has Cv2 type on the right and the left, and the shoulders of each 
are approximately equal m height 

and the inferior angle are usually equidistant, or nearl}. so, from the 
vertebral axis and the form of the interscapular space is FI shaped 
The borders are parallel, or nearly so, to the vertebral axis (Fig 25 and 
F, Fig ZA) In some instances, howevei, in an} t}pe but more fre- 
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quently in the straight and concave, it is roughly V shaped The 
general direction of each vertebral border is then downward and 
medialward (Fig 2C, D and E) 

Another point as an aid to accmacy in scapular classification is the 
difference frequently noted in the acromial level (height), left and 
right This difference has long been recognized especially by non- 
professional observers, and it is commonly behe\ ed to be due to previous 
or present disease or injuiy or occupation The most frequent cause, 
however, appears to be differences m degree of what I - have elsewhere 
called the long scapular-axis-spinal angle, i e , the outer inferior angle 
formed by the long scapular axis and the scapular spine This angle is 



Fig 4 — Same subjects as shown m Figure 3 m three useful upper extremity 
postures to lelax rhomboid, trapezius and serratus muscles Such postures 
render the vertebral borders more prominent for inspection and palpation 
The person at the left is locating the base of the scapular spine 

usually defimtely obtuse m the convex and more neaily a right angle m 
the straight and concave types Thus, if a living subject possesses 
a convex on the right and a straight or concave on the left, the acromial 
level IS usually lower on the left than on the right The correlation 
of the varying degrees of this angle is not only present in subjects 
possessing one type of scapula on one side and another type on the other, 
but It IS also present in subjects having differences in degree of a 
type For instance, if the left scapula is Cv3 and the right 
Cvl or 2, the right is usually lower than the left (Fig 3C) Similaily, 
if the right scapula is Cc3 and the left Ccl or 2, the left shoulder is 
usually lower Marked differences m acromial level are most frequently 
found in subjects possessing on one side a convex and on the other a 


2 Graves (Footnote 1, eleventh reference) 
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concave But these diffeiences are seldom missing in persons who 
have stiaight on one side and concave on the other and m those haMiig 
different degrees of concave types (Fig 2D), or of convex t)pes 
(Fig 3C) The differentiation of one type from the others and the 
determination of the varying degrees of convexness and conca\ eness can 
come only from combining inspection and palpation and in the obese 
fiom using the roentgen ray 



Fig 5 — B and A shown in Figures 3 and 4, B is bringing lateral pressure 
to bear on the shoulder girdle of A, rendering the vertebral border still more 
prominent for inspection and palpation and testing relaxation by placing the side 
of the hand somewhat beneath the vertebral border 

Palpahon — The subject should stand at ease in natuial attitudes 
without tensing any of his muscles, and particularly those of the 
shoulder girdle During palpation, the examinei should neither see nor 
feel contractions of these muscles and especially not of the ihomboid 
and the trapezius If contractions are seen or felt during palpation, the 
findings may be faulty, foi example, a stiaight or a moderately concave 
may be called a convex These muscles aie usually in a good state of 
relaxation when the patient stands at ease, but they can be fuither 
relaxed by certain upper extremity postures, for instance, b} crossing 



60 


ARCHIVES OF INTERNAL MEDICINE 


the subject’s pronated hands over the sacrum or by placing the foiearms 
over the small of the back, or by approximating the backs of the wrists 
over the small of the back (Fig 4) Posturing the upper extremities 
in any of these positions renders the border contouis more prominent 
for inspection and palpation In such postures the serratus anterior 
muscles become relaxed, and the relaxation of these muscles is a further 
aid m rendering the veitebral borders prominent 

To secure greater muscular relaxation, thereby rendering the 
vertebral borders still more prominent, i e , further elevating them from 
the chest wall, the following method is lecommended If the examiner 
IS right-handed, he should face and stand close to the left side of the 
subject, place his left hand over the upper jjortion of subject’s right 
arm and bring rathei firm pressure to bear on the subject’s shoulder 
girdle regions between his own left arm and chest (Fig 5) With com- 
plete relaxation secured, one can now readily place the side of the hand 
or finger tijDs somewhat beneath each vertebral border (Fig 5) If one 
can do this, he can then be sure that he has secured the desired relaxation 
of the rhomboid, trapezius and serratus muscles Having located the 
base of the scapular spine and the inferior angle, palpation should now 
be made of the vertebial bolder contour thioughout its extent below 
the spine The palpating fingers should be held at a right angle, or 
nearly so, to the border Palpation should be made slowly and firmly 
and without pain or discomfort to the subject Undue haste or foice 
defeats proper palpation by exciting muscle contraction and resistance 
One should not only palpate under control of vision foi convexness, 
straightness oi concaveness of the “greater portion,” but also for the 
minutest \aiiations along the border contour 

It IS helpful to study border contoui vaiiations m good photographs 
of bones or, better still, m bones Some of these vaiiations may be 
confusing to the beginner, and should here be mentioned Vertebral 
border contouis uniformly or regularly smooth, uniformly oi regularly 
convex, straight or concave aie not usual findings The contour is more 
often somewhat uneven or iriegulai m convexness, straightness or con- 
caveness In any type but especially m the straight and slightly concave, 
the border contour is often broken by one oi moie “buds” or “processes,” 
varying m size and location A frequent finding in the stiaight and an 
occasional finding m the concave is a vertebral border piominence 
variable in size just above the inferior angle A relatively frequent 
finding especiall}' in convex types, is a concavit) of variable depth and 
length at the base of the scapulai spine or just above the inferior angle 
In either case, the gi eater portion is usually convex m some degree In 
ail} border contour presenting a concavit} in both locations, the inter- 
vening part representing the “greatei portion” is also usually convex in 
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some degree The greatest degree of convexness or concaveness may 
be found m the upper, middle or lower thud of the border The fore- 
going relatively common minor variations should lead to but little 
confusion if one constantly remembers the pi unary basis of scapular clas- 
sification — the chaiacter of the greater portion of the vetebral bolder 
contour below the scapular spine m its relation to a straight line The 
classification of each scapula should be determined, also the degree if 
found to be convex or concave, and the findings recorded A recoid 
should also be kept of those cases m which scapular classification is 
found to be impossible and the reason for nonclassification should be 
stated whether obese, resistant or anatomic (For methods 

of recoiding and tabulating scapulai types the last reference in 
Footnote 1 should be studied ) 


tOMMENT 

I have here given methods of recognizing scapular types in the 
living which I have found to be dependable, and have pointed out a few 
helpful bodily coi relations and some pitfalls of eiror It is believed 
that these methods will enable otheis who have piopei tiaining in clinical 
medicine to develop an accurate technic and to reduce the personal equa- 
tion to a minimum These are prime purposes in the application of 
every method, medical or otheiwise The work of others in similar 
material and in similai age periods m scapular classification has yielded 
very similar percentages to those secured by me These results indicate 
that the difficulties m scapular classification in suitable material plus the 
personal equation should not yield a total erior greater than 5 pei cent 
The lesults thus far seemed have demonstrated the dependability of the 
methods here given Scapulai types are common to ancient and modern 
man, and they are iiihei ited variations of unusual constancy , hence thev 
aie dependable bases for coi relations m loutine clinical examinations 
and 111 comparative studies of individuals, of families and of various 
stocks and laces The definite i elation of scapulai types to the piob- 
lems of human heredity, longevity, morbidity and adaptability justif\ 
the conviction that continued application of scapular classification to 
these vital and enduring problems will eventually yield rich rewards 
to the physician and to the race 



THE VALUE OF CLINICAL CARDIODYNAMIC 

RECORDS 


STEPHEN DTRSAY, MD 

SAN FRANCISCO 

Methods of functional diagnosis should comply with two require- 
ments The function to be tested should be precisely known, and 
quantitative results should be obtained Neither of these has been 
exactly fulfilled by the existing methods of functional diagnosis of the 
heart, first, because the exact nature of the function tested is not given 
and, second, because the results are not quantitative In this paper, 
attention is called to the possibility of elucidating one definite function of 
the heart b}'- the means of certain graphic methods, phonocardiography 
and sphygmography I call these cardiodynamic records This func- 
tion, the tonicity, can be considered to depend on the isometric con- 
traction of the myocardium, as expressed m its time element I will try 
to bring out some facts in favor of this assumption, after pointing out 
some well known experimental data on which the hypothesis is based 

theoretical considerations 

Two different forms of contraction occur m all muscle, the isometric 
and the isotonic In the first there is no shortening of the individual 
muscle fibers, but there is a development of internal tension, m the 
second, actual work is performed, but there is no further increase of 
the internal tension already developed In the myocardium, the 
isometric period of contraction begins with the closure of the atrio- 
ventricular valves and ends with the opening of the semilunar valves 
From the opening of the semilunar valves until the end of the systole, 
the muscle acts, on ejecting the blood, by its accumulated tension this 
IS the isotonic or auxotonic period of conti action, rather auxotonic, 
because the resistance against which the muscle woiks gradually 
increases The isometric conti action or isometric period of musculai 
contraction, is the essential phase of muscular activity from the point of 
view of energetics ^ During this isometric contraction, chemical energy 
of the muscle, partly through the stage of electrical energy, is being 
transformed into surface energy, creating a state of tension m the fibers - 
The potential energy of this tension may be transformed into external 
work It has been stated that the energy of a contraction is a function of 

■^From the Cardiographic Laboratory, Michael Reese Hospital, Chicago, 
and Department of Medicine, Universit 3 ' of California Medical School 

1 Hill, A V I Physiol 42 1, 1911 

2 Haber and Klemensiewicz Ztschr f phvs Chemie 67 385, 1909 



D’ IRS AY— CLINICAL CARDIODYNA^IIC RECORDS 


63 


the area of certain longitudinal surfaces in the fiber ^ these surfaces 
are being created or increased during the isometric contraction 

Hill proved this point by showing that the heat produced is pro- 
portional to the length of the contracting fibers during the tune of con- 
traction, and that the heat developed is greatest during the isometric 
contraction ® Therefore, the Avork done b}’^ the muscle during the isotonic 
or auxotonic period of conti action depends on this tension, and only 
after a period of full tension will the work be optimal This tension 
IS created partly during the isometric contraction and is partly pre- 
existing The latter element of preexisting tension is commonly called 



Fig 1 — The curve demonstrates the ample contraction of smooth muscle on 
being stretched from a to & (From Straub,'' Fig 4 B ) 

muscular tonus, but I believe that it is identical biologically \Mth the 
surplus tension built up duiing the isometric contraction 

Straub‘S and Winkler" have shown, on the dener\ated muscle of 
Luinbricus and the stomach of the frog, that smooth muscle contracts 
after stretching (Fig 1) The isometric contraction of the myocardium 
is very similar to this, for, with increased venous inflow the heart is 

3 Kozawa J Phvsiol 49 233, 1915 

4 Bhx Skandm Arch f Physiol 5 150 173, 1895 Patterson, Piper and 
Starling J Physiol 48 465, 1914 BhaIiss Principles of General Plnsiologv, 
Ed 3, London, 1920, p 441 

5 Hill, A V J Physiol 47 305, 1913-1914 

6 Straub Arch f d ges Physiol 79 379, 1900 

7 Winkler Arch f d ges Pinsiol 71 357, 1898 
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overloaded and the stretched ventricular muscle performs a greater 
amount of work, as shown by the increased pressure and volume per 
beat ® It may be said that the law of relation between tension and per- 
formance which applies to the skeletal muscle applies also to heart 
muscle Gesell,^ working with the auricle of the tortoise, found that 
the strength and duration of the total contraction depended on the 
initial tension ® Thus, it can be said that the preexisting tonus of the 
heart muscle and the tension formed during the isometric period are 
identical events, from the functional point of view at least 

We may regard another fact as additional proof that the formation 
of tonus suiplus, surface energy or tension is produced during the 
isometric period of the systole The initial ventricular complex of the 



Fig 2 —Relationship of systole (expressed in phonocardiogram) to electro- 
cardiogram (after Lewis, from Weitz"') 


electrocardiogram always extends considerably into the isometric period 
The systole begins from 0 023 to 0 035 second after the beginning of 
the ventricular excitation, and always before the S deflection is inscribed 
or before the R wave ends Accepting the well established theoiy of 
Roaf and others, that the production of acid in the muscle is responsible 
for both the electrical changes and the changes in the surface tension, 
and observing that the electrical changes in the ventricular muscle fall in 
the isometric period of the systole, it may be assumed with great proba- 
bility that the initiation of the changes in surface tension is, too, m the 
said period (Fig 2) 

The principal change recorded in the ventricles during the isometric 
period of the systole is the rise of intraventricular pressure The curve 

8 Straub Deutsch Arch f klin Med 116 409, 1914 Patterson and 
Starling J Physiol 48 357, 1914 Tigerstedt, R Physiologie des Kreislaufes, 
Berlin, 1 , 1921-1923 

9 Gesell Am J Physiol 39 239, 1916 

10 Wiggers, C J Electrocardiogram, Arch Int Med 20 93 (July) 1917 

11 Roaf J Physiol 48 380, 1914 Mines Kolloidchem Beihefte 3 191, 
1912 

12 klines J Physiol 44 25, 1912 
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recorded l)y the intraventricular pressure parallels the changes in the 
internal tension or tonus of the ventricular muscle It rises suddenly 
during the isometric period, and maintains itself on a level during the 
rest of the systole This harmonizes with the previously expiessed view 
Hill demonstrated that the oxygen consumption and the developed ten- 
sion aie diiectly proportional I have pointed out that the use in tension 
and the f oi med intraventricular pi essui e ai e, too, propoi tional Since the 



Fig 3 — Upper, intraventricular pressure, lower, aortic pressure cur\es irom 
rabbit A, before injection of epinephnn , B, immediately after, C, after The 
curves demonstrate the variance in the steepness of the intoavciitncular 
pressure according to the resistance encountered (From Tigerstedt‘0 

oxygen consumption is a criterion of muscular acta ity and this means, 
considered fiom the standpoint of energetics the foimation of tonus then 
we may conclude that the use of pressure is the immediate consequence 
of the tension formed 

The function of the intiaventiiculai piessure is to otercome the aortic 
pressure, open the semilunar valves and impart kinetic energt to the 

13 De Heer Arch f d ges Plnsiol 148 1, 1912 

14 Hill, A V J Phjsiol 4A 466, 1912 Ba\]iss (Footnote 4, third 
reference) 




66 


ARCHIVES OF INTERNAL MEDICINE 


blood This means that the promptness with which the semilunar valves 
are opened depends on two factors the form and height of the pressure 
curve itself and the resistance olfered to it by the blood pressure in the 
arterial system But it has already been pointed out by Frank and 
confirmingly shown by Tigerstedt that the intraventricular pressure 
rises m the form of a more or less steep curve, according to the height 



Fig 4 — The time element is independent of the absolute amount of intra- 
ventricular p’^essure Abscissa represents time in seconds , ordinate, pressure in 
millimeters of mercury (constructed after data from Tigerstedt 


which It must attain (Fig 3) If the total height attained was 154 mm 
of mercury, the pressure rose 10 mm in 0 0024 second, whereas in the 
case of a total intraventricular pressure of only 68 mm , it rose 10 mm 


15 Frank, O Sitzungsb d Gesellsch f Morphol u Physiol m Munchen 
14 147, 1898 

16 Tigerstedt, C Skandm Arch f Physiol 28 37, 1912 Tigerstedt, C 
Ibid 29 234, 1913 

17 Piper Arch f Anat u Physiol (Physiol Section), 1912, p 343, ibid, 
1913, pp 331 and 363 , ibid , 1914, p 365 
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jn 0 0046 second, showing that undei normal conditions the tension of 
the muscle legulates the piessure necessaiy to open the semilunar 
vahes within constant time limits (Fig 4) The constancy of the time 
element is thus entiiel}'- independent of the lesistance acting against the 
mtiaventiicular piessuie, m othei woids, is independent of the blood 
piessuie 

This time limit is given by various authois as vaiying between 0 02 
and 0 1 second My own values aie closei to the lowei ones, varying 
noi mally between 0 029 and 0 06 second 

I have detei mined the length of the isometiic peiiod by a method 
siinilai to that of Wiggers and collaboi atoi s As has been shown, the 
use of intiaventiiculai piessuie coi responds to the use of tension in 
the muscle fibeis The first sound designates the beginning of systole 
and of the isometiic peiiod, and the second sound the end of systole, 
which coiiesponds to the mcisuie of the central sph}'gmogiam preceding 
the diciotic vave If lecoids of the heart sounds and sphygniogiams 
of the caiotid aie taken simultaneously and the interval between the 
first and second sounds is marked oft on the sphygmogram back from 
the incisure, the mteival dm mg which the atiioventiicular and semi- 
lunar ^aIves aie closed will be obtained The rise of the piimar)^ wave 
in the caiotid aiteiy designates the beginning of the outflow of blood 
vuth the deduction of the aveiage between 0 007 and 0017 second, this 
being the time the blood lequiies to flow from the semilunai valves to 
the receiving legion m the carotid aiteiy-^ The oscillations of this 
factor howeier do not exceed 10 pei cent (plus or minus) of the 
length of the isometiic peiiod and 1 5 pei cent of the total systole, and 

18 Weit7 and Graiier Deutsch Arch f klin Med 116 512, 1914 Luderitz 
Ztschr f klin Med 20 374, 1892 

19 Cliauveau and Marcv Mem Acad de med 26 282, 1863 De Heer 

(Footnote 13) Edgren Skandin Arch f Phj^siol 1 67, 1889 Einthoven 

and Geluk Arch f d ges Phvsiol 57 617, 1894 Grunmach Virchows Arch 
f patli Anat 102 565, 1885 Hess Ergebn d inn Med u Kinderh 14 359, 
1915 Hochhaus Arch f exper Path u Pharmakol 31 405, 1893 Hurthle 
Arch f d ges Physiol 49 29, 1891 Keyt Sphygmography and Cardiography, 
New York, 1887 Landois Die Lehre vom Arterienpuls, Berlin, 1872 Marey 
La circulation du sang. Pans, 1881 Muller and Brener Deutsch Arch f khn 
Aled 104 119, 1911 Pezzi J de physiol et de path gen 15 1178, 1913 Piper 
(Footnote 17, first reference) Rive De Sphjraograaf en de sphymographische 
Kurve, Utrecht, 1866 Robinson and Draper Deutch Arch f klin Med 
100 347, 1910 Schmidt Ztschr f khn Med 22 393, 1893 Swann, A W, 

and Janvrin, E R P Arch Int Med 12 117 (Aug) 1913 Tigerstedt (Foot- 
note 8, third reference) , Skandin Arch f Physiol 20 249, 1908, (Footnote 16, 
second reference) Weitz and Grauer (Footnote 18, first reference) Weitz 
Ergebn d inn Med u Kinderh 22 402, 1922 Wiggers, C J , and Clough, 
HD J Lab & Chn Med 4 624 (July) 1919 

20 Wiggers, C J, and Clough, HD J Lab & Chn Med 4 624 (July) 
1919 Wiggers, C J, and Dean, A L, Jr Am J M Sc 153 666 (May) 1917 
Wiggers, C J Cardiac Murmurs, Arch Int Med 22 28 (July) 1918 

21 Robinson and Draper Deutsch Arch f khn Med 100 347, 1910 
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are ab’e to influence our results in only a coi respondingly slight degree 
(Fig 5) 

Wiggers and Clough ““ showed that the isometric period is apt to be 
prolonged in disease,"® but Weitz and others deny this, and maintain 
that the isometric period is independent of any other value, including 
the aortic pressure It is the percental relation between the fixed time 
interval of the systole and the (physiologically) equally fixed time 
interval of the isometric period that must be considered In the isometric 
contraction, three factors are cooperating, the intraventricular piessure 
depending on the ventricular tonus, the arterial pressure antagonizing it 
and the time factor The time being constant undei given conditions. 



Fig 5 — Phonocardiogram and carotid sphygmogram , a-b, isometric period 
of systole , time marked, 0 01 second 


It IS the tonus that must adapt itself Normally, this is done, but if the 
level of the initial tonus is low or if the increase in tension during the 
isometric period is feeble, the time factor must lose its rigidity in order 
to enable the intraventricular pressure to overcome the aortic or pulmonic 
pressure and open the semilunar valves Thus, the isometric period will 
be prolonged and its percental relation to the total systole will increase 
The average value for the length of the isometiic period, as determined 
from dynamic recoids, is 16 72 per cent of the entire systole Changes 
m the rate alone cause hardly any variation in this percental relation 

ANALYSIS OF RECORDS 

One hundred cases have been analyzed by the graphic methods 
discussed above They have been divided into four groups, quite 

22 Wiggers and Clough (Footnote 19, first reference) 

23 Robinson (Footnote 21) Muller and Breuer Deutsch Arch f klin 
Med 104 119, 1911 Pezzi (Footnote 19 thirteenth reference) 

24 Weitz Ergebn d inn Med u Kinderh 22 402, 1922 

2'' Hess Ergebn d mn Med u Kinderh 14 359, 1915 
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aibitraiily, with no clinical oi pathologic preconceptions, but solely on 
the basis of the pei cental i elation between the duration of the isometric 
peiiod and that of the systole In the fiist gioup have been classified 
cases the isoinetiic period of which constituted less than 10 pei cent 
of the length of the total S 3 ^stole, to the second belonged cases in which 
it uas fioin 10 to 15 per cent , in the third group, the values lay between 
15 and 20 pei cent , and in the fourth group we listed those in which 
the isoinetiic peiiod was moie than 20 per cent of the total systole 
Ten pel cent of the total mateiial belonged to the first, 28 per cent to the 
second, 35 pei cent to the third, and 27 per cent to the fourth gioup 
Consideiing the clinical phenomena, we find diverging results m each one 
of these groups, and it is the last one that shows the most marked 
difterences 

In the first gioup (ten cases), five were individuals undei the age 
of 17 — three of them 3 mung children — and the remaining five were 
undei 30 In onl 3 ^ three weie there clinical symptoms of heart disease 
In three of the gioup, the electrocardiogi am showed left ventricular 
preponderance (in a slight degiee, none exceeding an electrical axis of 
— 6 degrees), in one of which this pieponderance was attributed to a 
mild arborization block None of the membeis of Gioup 1 showed 
clinical signs of decompensation It seems that values below 10 per cent 
are frequent in childhood and aie not associated with loss of tonicity 

The second group (twent 3 ^-eight cases) comprised patients with ages 
var 3 ing from 9 to 54 years Myocardial disease was demonstrable in 
three, one showing complete atrioventricular dissociation and two 
auricular fibrillation, with alteiations of the direction of T in more than 
one lead Clinically, eight had chronic valvular disease, three were 
cases of irritable heart (with respirator 3 ' arrhythmia and marked cyclic 
alterations of the electrical axis) , foui were cases of h 3 ^pei tltyroidism 
with cardiac s 3 mptoms two others were at the last cases of congenital 
valvulai disease, while eight had no clinical signs of heart affection All 
the patients with valvular disease were well compensated One of the 
patients with auricular fibi illation (of arteriosclerotic origin) showed 
S 3 nnptoms of incipient heait failure, whereas the patient with atrio- 
ventricular dissociation was seriously decompensated, with pleural 
effusion and high values of venous oxygen unsatuiation The electro- 
cardiogi aphic findings of this group included signs of increased auricular 
activity m three cases, and two mild left ventricular preponderances 
Only three, 6 pei cent of this gioup, showed serious myocardial dis- 
order and fift 3 ^-three, 58 per cent , had no oiganic heart lesion 

In the third group (thirty-five cases), six patients showed definite 
signs of myocardial disease, viz, three, angina pectoris, one, acute 
myocarditis, one, arteriosclerotic auricular fibrillation, and one, who 
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exhibited electrocardiographic evidences of disturbed intraventricular 
conductivity, together with ventricular extrasystoles arising in multiple 
foci, was accordingly in a state of potential ventricular fibrillation This 
constitutes seventeen cases, 14 per cent of the entire group The fact 
must be emphasized that, of these six cases, three showed percental 
values of the isometric period at or beyond the range of normal , namely, 
19 93 per cent , 18 46 per cent and 19 69 per cent These border on the 
next or pathologic group Among cases without electrocardiographic 
evidence of myocardial disease, we find two patients with cardiorenal 
sclerosis, one of whom shoved a percental' value for the isometric period 
of 19 04 per cent , which again borders on the pathologic There were 
ten patients with vahular disease one, who had initial stenosis, dis- 
closed signs of clinical decompensation and had 19 34 per cent as the 
relatne value of the isometric period There was one case of congenital 
valvular lesion, foui cases of irritable heart and one case of Inper- 
th 3 'roidism The other patients, eleven, evidenced no signs or symptoms 
of cardiac disease, thus, only 45 41 per cent of this group, the minority 
of patients, were free from organic heart affection This percentage 
hovever, would increase with the shifting of the five cases with isometric 
period values approximating 20 per cent to Group 4 

Group 4 comprises cases exhibiting percental values of the isometric 
period above 20 per cent In the twenty-seven cases of this group, ten 
showed definite signs of severe mjocardial disease, some with auricular 
fibrillation developed on an arteriosclerotic or infectious basis, some with 
svell marked symptoms of angina pectoris We can add to these ten 
two cases of cardiorenal sclerosis evincing signs of cardiac decompensa- 
tion, eight cases of chronic endocarditis, three of which were in the 
stage of heart failure (two being mitral stenosis and one aortic insuf- 
ficiency) , furthermore, one case of congenital heart disease Thus, 
twenty-one members of Group 4 (comprising twent>-seven) had definite 
organic lesions, most of them with signs of cardiac failure In the 
remaining six, too, we found many phenomena of cardiac disease, 
although It was not possible to demonstrate well defined organic lesions 
In two there was to be found advanced pulmonary emphysema with 
strong preponderance of the left ventricle (the electrical axis being 
between — 6 and — 35 degrees) In two others, an abnormal auricular 
activity was encountered, evidenced by ectopic auricular rhythm and 
frequent auricular extrasystoles, together with marked left ventricular 
preponderance 

The sixth deserves to b^ mentioned separately This was a case of 
Addison s disease 

The findings are summarized The age was 14, the blood pressure 
was 85 systolic, 60 diastolic, there was an inverted T, and Tg in the 
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electi ocardiogi am, the electrical axis being 79 degiees, the teleioentgen- 
ogram showed a perpendicular heart (Fig 6), the isometric period being 
23 5 per cent 

These data, taken sepaiately, are indefinite in their meaning, but they 
haimonize m giving a pictuie of myocardial hypotomcity, corresponding 
to the high value of the isometiic period Thus, an involvement of the 
heart is pi esent m 96 3 per cent of the group, only one case 
being found to be fiee from any lesion of the circulatory system 
Gioup 4 is shat ply set off fiom the others, particularly fiom Groups 1 
and 2 , Gioup 4 shows the paiallel development of the piolongation of the 



Fig 6 — Perpendicular heart in case of Addison’s disease, associated with 
myocardial hypotomcity 

isometric period and definite caidiac disease, particularly of arterio- 
sclerotic origin The accompanying table summarizes the results 


Sunvuaiy of Data 




Relative Length 

Cases nitli Olm 


Age 



Group 

of Cases 

of Isometric 

lenl Cardiac 





Period, Per Cent 

Disease, Pr Ct 





1 

10 

<10 

33 3 

From 

2 to 

29 

years 

2 

28 

10-15 

40 4 

From 

9 to 

54 

years 

a 

85 

15-20 

54 6 

From 

15 to 

65 

years 

4 

27 

>20 

OS 3 

From 

14 to 

62 

jears 


Shifting the five cases with isometric period values approximating 
20 pei cent from Group 3 to Group 4, we obtain m Column 4 for 
Group 3, 46 7 per cent , bringing it down to the level of Group 2 
whereas for Group 4 we get 96 9 per cent 
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SUMMARY 

1 It IS known that the period of muscular contraction, both cross- 
striated and cardiac, during which the internal tension reaches the degree 
necessary for the performance of external work is the isometric period 

2 The isometric contraction of the myocardium is performed during 
a given, fixed period of time and is counterbalanced by a given, fixed 
resistance 

3 On this basis, consideration has been given to the idea that in 
myocardial diseases that involve a decrease in myocardial tonus, the 
duration of the isometric period in its relation to the duration of the 
total systole might be disproportionately prolonged 

4 The percental relation of the isometric period to the total S}' stole 
can be regarded as the function of tonicity 

5 Its normal value is from 15 to 16 per cent , but there seems to be 
no definite lower limit However, the value rarely goes under 13 per 
cent 

6 The upper limit can be set down at 18 per cent Values above 
that ought to be considered pathologic 

7 The highest values are mostly shown by cases of cardiorenal 
sclerosis 

8 It might be possible in the functional diagnosis of the heart to 
use the foregoing method which aims at the elucidation of one function, 
that of tonicity 



SKIN CAPILLARIES IN SCLERODERMA* 


GEORGF E BROWN, MD 

AND 

PAUL A O’LEARY, MD 

ROCHESTER, MINN 

Visual exploiation of the skin capillaries by the Lombard ^ method 
has re\ealed, in certain diseases, changes m form, size, tonus, flow and 
reactions to certain stimuli The study of the skin capillaries in the 
dermatoses has been reported by Niekau,“ Michael ^ and others, in 
which they have noted certain changes in form and function of these 
vessels There is as yet no standard established for capillary morphology 
in normal persons Sufficient obseivations have been reported, how'ever, 
to distinguish definitely from the normal some of the morphologic, 
numerical and functional \ariations in the capillaries observed in certain 
types of cardiovascular-renal disease, polycythemia, Raynaud’s disease 
and related vasomotor states, shock, and a few of the dermatoses Many 
of the variations in morpholog}'- are only slight Changes affecting size 
and number of functioning capillaries, as pointed out by Krogh,^ are 
of greater importance Pathologic classification should be based on 
quantitative comparative studies wuth a large control group in normal 
persons, and wuth due consideration of age These studies should include 
capillary morphology, size, incidence of tortuosity, flow rates and 
abnormal types of flow' In this manner, comparisons could be made 
which w'ould undoubtedly throw' additional light on the disturbances of 
^ascular physiology in many different diseases 

The capillary variations observed m cases of pi unary diffuse sclero- 
derma are striking, but it would not seem justifiable to believe that the 
capillary changes precede the pathologic hypertrophy of the connective 
tissue bundles How'ever, it w'ould appear that a close relationship 
probably exists between these abnormal vessels and the pathologic 
changes of the skin In bordeihne or vasomotor scleroderma, the 
capillary studies reveal changes m form and behavior similar to those 
observed in Raynaud’s disease, suggesting that the vascular disturbance 

From the section on medicine and the section on dermatology, Mayo Clinic 

1 Lombard, W P The Blood Pressure m the Arterioles, Capillaries and 
Small Veins of the Human Skin, Am J Physiol 29 335-362, 1911-1912 

2 Niekau, Bruno Anatomische und klinische Beobachtungen mit dem 
Hautkapillarmikroskop, Deutsch Arch f klin Afed 132 301-334 (July) 1920 

3 Alichael, J C Dermatoscopy , A Study of the Blood Vessel Form and 
Arrangement in Various Dermatoses, Arch Dermat & Syph 8 603-618 (Nov ) 
1923 

4 Krogh, August The Anatomy and Physiology of the Capillaries, New 
Haven, Conn , Yale University Press, 1922 
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precedes and stands in direct causal relationship to the secondary change 
in the skin 

Cases presenting skin changes of scleroderma may be divided into 
three groups (1) the diffuse, primaiy, progressive scleroderma, (2) 
borderline, or secondary vasomotor, types, and (3) the localized form, 
or morphea, which was not included m this study In this report are 
included five cases of the diffuse primary scleroderma type, Group 1 
(Table 1), and five of the borderline, oi vasomotoi, type. Group 2 
(Table 2) The cases in Group 1 present varying degrees of hide 
binding, and reduced capillary function Trophic ulcerations were 



Fig 1 — Appearance of hands in Case 5 , true sclerodactylia 


observed in four cases, sclerodactylia in two (Fig 1) Color changes 
preceded or accompanied the lesions of the skin They were mild, 
usually presenting only one phase , m two cases, there was early palloi 
of the hand, and in two, a mild cyanosis, and in one of these associated 
facial rubor In one case, there were no color changes In Case 5, 
the earliest symptom was peripheral asphyxia of the hands, aggravated 
by cold Syncope or pallor was not observed Excessive susceptibility 
to cold, before the recognizable onset of the condition, existed in one 
instance only, but cold as an exciting or aggravating agent was present in 
all but Case 3 The hands were affected first, in all cases , the areas 
were multiple, in five cases The affected peripheral areas were cold 
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* In this and the following table, cT indicates male, $ fern lie 

t The visible capillary loop is measured, the trinsition point fiom capillary to venule and artery is not always clearly defined 
} Boom temperatiiie, 24 degrees 
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to touch, this was independent of color Difficulties of flexion were 
present in all cases The molded mask-like expression of the face and 
restricted ability to open the mouth were noted m three cases 

In the cases in Group 2, the earliest symptoms suggested the abnormal 
vasomotor reactions observed in Raynaud’s disease In Case 6, the 
stiffening of the skin was noticed two years after the appearance of 
the peripheral syncope The sclerodermatous changes were moderate, 
and the hands had a swollen appearance, extending up as far as the 
elbow, but the definite induration observed in Group 1 was absent 
Susceptibility to cold with mild pei ipheral color changes had been present 
in vaiying degrees for a number of years The skin, in four cases in 
this group, was firm, smooth and unyielding, but not typical of the 

skin in cases of true scleroderma, changes uere noted only in parts 

presenting the vasomotor phenomena Minor difficulties in flexion of 
the hands were present in thiee cases Similar involvement in the 

skin of the feet existed in Case 6 The djstrophic alteration of the 

skin was more or less transitory, in the cases in this gioup A seasonal 
variation was observed, cold always precipitating or aggravating the 
condition, and increasing the difficulty of swelling and flexion There 
was localized hyperhidrosis in this group, which intei fered slightly with 
accurate visualization of the loops These cases exhibited, in varying 
degrees, the well defined color reactions of Raynaud’s disease Pam 
was a minor feature The attacks were not cleanly defined, and the 
subjective symptoms weie mild, usually of a burning or tingling 
chaiacter 

METHODS or STUDY 

A stereomicroscope was used with magnifications of 60 and 120 
diameters A special ribbon filament light, with condensing lens and 
suitable heat and color filters was devised to minimize the effect of 
heat and color lays on the capillaries A stabilizer for the fingers, 
consisting of a small iron trough with rubber buffers, gave sufficient 
immobilization to assure fairly accurate quantitative studies Eye piece 
micrometers with divisions of 0 01 and 0 0025 mm were employfed with 
the low and high magnifications Photomicrographs were made in 
several instances, but the difficulties in securing short exposures and 
mobilization of the part had not been surmounted sufficient^ early to 
allow its routine use in every case ® All fingers were examined, and 
representative areas selected for study As changes above or below 
room temperature exeit a marked effect on capillary flow a fairly 
uniform room temperatuie was maintained at from 24 to 26 degrees C 

5 Dr Sheard of the section on physics has recently perfected a method for 
obtaining photographs of skin capillaries by reflected light in from Vio to y-,o 
second exposures 



T\ble2 — Obscivaltoiis on the CapiUants ui Raynaud\ Dt^La<;c Associated 7Vith ScJci odi nnal Change; in the Skin 
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NORMAL capillaries 

Moi plwlogy (Fig 2) — The nail-fold capillaries have been fairly 
well studied in normal subjects In subjects under the fifth decade of 
life, the predominant type of loop is the straight or hairpin pattern, 
with a small incidence of toituosity The percentage of tortuous loops 
helps to decide the question of normality, since their number increases 
with age Tortuosity per se is not of value unless the age of the subject 
IS considered The decision of the existence of a pathologic condition 
cannot be made by the capillary morphology unless these changes are 
definite Local trauma can disturb the arrangement of the nail-fold 



Fig 2 — Normal nail-fold capillary (X60) 


capillaries This is observed as the result of excessive manicuring 
Single loops may show marked abnormalities in normal subjects 

S^ze — The total length of the visible capillary loops has been 
determined in a group of normal subjects in the difiterent decades of 
life, and was found to average 042 mm The venous limb is slightly 
longer and wider than the arterial, the caliber averaging 0 014 mm 
The caliber of the arterial limb averages 0 011 mm The average 
number of loops for each linear millimeter A^aries from 7 to 12 

CapiUaiy FIozv — The flow is usually fast and fairly uniform In 
occasional loops, the stream may be broken or segmented, or, at times, 

6 In our previous paper, The Skin Capillaries in Raynaud’s Disease (Arch 
Int Med 35 56 [Jan] 1925), the values of the normal calibers in the nail-fold 
capillaries were too low Recalculations by means of the photographic and 
enlargement method have given the values in this paper 
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there may be complete disappearance of a loop The rate of flow 
vanes with age In the fourth and earlier decades, the majority of 
loops have flow rates in excess of 1 5 mm each second, and cannot 
be measured with accuracy In later decades, a definite slowing of 
capillaiy flow has been demonstrated m individuals with normal range 
of blood pressure Temperature modifies the capillary flow markedly 



Fig 3 — Nail-fold capillaries in case of primary scleroderma, showing 
marked sparsity of loops and thrombosed appearance, complete loss of normal 
capillary morphology (artist’s sketch drawn to scale, smallest division 
0 01 mm ) 

These estimations were detei mined under fairly constant conditions with 
room tempeiature ranging from 24 to 26 degrees 

Captllmy Toiiw ^ — The degree of capillary tonus is evidenced by con- 
traction or dilatation in the arterial and venous limbs Muller ' desig- 
nates contractile changes in the capillaries as spasm and stasis in the 

7 Muller, L R Studien uber den Dermagraphismus und dessen diag- 
nostische Bedeutung, Deutsch Ztschr f Nervenh 47-48 413-434, 1913 
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precapillary and postcapillary vessels In the normal capillaries, these 
phenomena are rarely seen under control conditions, and then only in 
isolated loops In the mild types of acrocyanosis in the asthenic type 
of person, dilated atonic capillaries are observed In later decades of 
life, increased tonus is the rule 

Capillaiy Peimeabihty — Direct evidence of disturbances in capillary 
permeability are occasionally observed, m which free hemoglobin pig- 



Fig 4 (Case 4) — Loss of normal morphology, huge, dilated and sparse 
loops (scale same as in Figure 3) 


ment is seen distal to the loop with intact capillaries We have observed 
this. 111 several instances, in cases of acute glomerular nephritis and in 
two apparently normal persons, in whom trauma was apparently not 
a causative factor, since present only in isolated vessels The minor 
degrees of puffiness of the hands associated with mild rubor or cyanosis 
and hyperhidrosis are probably related to disturbances in capillary 
permeability 
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OBSERVATIONS ON THE CAPILLARIES IN CASES OF PRIMARY 

SCLERODERMA 

Gioup 1 (Table 1) — The most sti iking finding in the skin capillaries, 
m the cases of tine scleroderma, was the presence of huge loops or 
so-called giant capillaiies (Figs 3 and 4) The total length of the 
larger loops was found to range from 0 5 to 0 8 mm The total number 
of loops for each Imeai millimeter aveiaged 3 5, which is one-third the 
number observed in normal subjects Fiequently, only one or two large 
capillaiies weie seen m a field This decreased incidence of loops 
seemed to stand in diiect lelationship to the degree of trophic dis- 
turbance The diametei of the venous and arterial limbs was much 
greater than that of noimal vessels Often a loop was so greatly 
enlaiged that the space between the two limbs was obliterated, giving 
the capillaiy the appearance of a large, red, vaguely defined aiea These 
abnormalities were permanent, and tiansitoiy changes in the caliber of 
the loops, as the i esult of temperature changes and mechanical irritation, 
weie not observed The capillary outline was usually frayed and 
indistinct, giving the loops a featheiy appeal ance This was due to 
the decreased visibility of the skin as a result of its collagenous hyper- 
trophy All the capillaries did not exhibit the same degiee of morpho- 
logic changes Occasional loops appealed noimal The venous limb 
was slightly dilated in most of the loops, and was always less maiked 
m the aiteiial segment 

CapiUmy FIozv — The capillaiy flow, m this group, was extremely 
difficult to study The changes in the skin did not allow visualization 
of the leukocytes, thus making measuiements of flow impossible, m 
most instances The movement of the blood, in the giant loops, was 
slow, and fairly unifoim m different loops Short periods of stasis 
were observed m Case 5, but marked, cyanosis of the capillary blood 
was not piesent at lOom temperature Stasis was not observed in any 
degree approaching that observed in the vasomotor cases Agglutination 
phenomena and plasma gaps weie not present The blood flow m the 
capillaiies was fast enough to maintain a red coloi of the cells, that is, 
a rate exceeding 0 1 mm each second 

CAPILLARIES IN VASOMOTOR GROUPS WITH SCLERODERMA 

Moi phology (Table 2) — In the vasomotor type of case, the capil- 
laries present an entirely different picture vdiich may be useful m 
differentiating the confused clinical complexes which are now roughly 
classified as scleroderma The essential difference is shown by the 
capillaries which resemble m form, size, tonus, function and behavior 
those observed m true Raynaud’s disease Permanent obliteration of 
the loops IS rare The average number of capillaries for each linear 
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millimeter was six The large giant loops were observed m only four 
cases, but the usual capillary pattern was preserved, and the large 
shapeless loops observed in cases of true scleroderma were not simulated 
(Fig 5) Decreased tonus with dilated arterial or venous segments 
was evident, and was heightened by cold Many loops had the feathery 
or frayed appearance due to the impaired transparency of the skin, 
although this was much less than in cases in Group 1 The length of 



Fig 5 (Case 7) — Raynaud’s disease with sclerodermal changes, segmented 
stream and plasma gaps in many loops Three dilated loops are visible, but 
do not approach in size those observed in primary scleroderma , several loops 
show stasis 

the visible loops was 0 48 mm , which is slightly longer than the average 
normal visible loop The caliber of the venous and arterial limb in one 
case was 0 096 and 0 08 mm , respectively The incidence of tortuosity 
was not increased by age 

Caprllmy Flotv — The flow was inert, in many loops, at room 
temperature The stasis period varied from a few seconds to several 
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minutes There was no uniformity of stasis, since contiguous loops 
exhibited stasis, slow flow or fairly rapid flow, the latter was the 
rarest Cyanosis was present in the static loops When the capillary 
flow was less than 0 1 mm each second, cyanosis was recognizable , this 
point has been designated as the capillary cyanosis threshold The flow 
was usually segmented, with plasma gaps, and other characteristics 
observed in true Raynaud’s disease ® In several instances, the reactions 
to cold were quite similar to those m Raynaud’s disease The behavior 
of single loops was studied in the different color phases in one case In 
the pallor or syncope phase, contracted, partially filled loops were pres- 
ent , many loops were invisible In the asphyxia phase, clumps of cells 



Fig 6 (Case 10) — Capillary in case of Raynaud’s disease and secondary 
scleroderma Only three loops are shown one at right, contracted, one at 
left, normal, and one dilated loop The flow was inert m all loops (X60) 

were seen to enter the loops slowly from the arterial and venous sides , 
then complete stasis, increasing cyanosis and dilatation of the loops 
developed The rubor phase occurs when the flow is resumed with the 
blood changing to bright red, due to the presence of oxyhemoglobin 
This stage is often incomplete and, in many loops, there will still be 
varying degrees of stasis, or alternating periods of fast and inert flow 
(Fig 6) 

COMMENT 

The clinical differentiation of certain phases of scleroderma, Ray- 
naud’s disease and acrodermatitis chronica atrophicans is still somewhat 

8 Brown, G E The Skin Capillaries m Raynaud’s Disease, Arch Int 
Med 35 56 (Jan ) 1925 
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confused Frequentl}, vasomotor phenomena, such as cyanosis or mild 
degrees of peripheral syncope, precede or coexist with the early changes 
in scleroderma In the cases presenting the picture of primary or true 
scleroderma, the vasomotor symptoms are inclined to be mild, presenting 
only one color phase, unassociated with pain, and not presenting the 
color responses to cold so characteristic of true Raynaud’s disease This 
clinical observation is likewise borne out by observations on the capil- 
laries The numerical decrease in capillary loops was constant in the 
five cases of Group 1, in contrast to the borderline or vasomotor type 
of cases in which a fairly normal number of loops were observed In 
every case of Group 1, large h} pertrophied or so-called giant types were 
present The cause of these large vessels might be explained in one of 
two ways they may represent a simple capillary hypertrophy, com- 
pensating for the decreased number of loops, or they may be a pathologic 
state related to the fibrotic changes in the corium, that is, back pressure 
effects The latter explanation seems more plausible From the data 
which we have obtained, we are unable to determine whether the capil- 
laries are a primary or secondary cause of the changes in the skin The 
gradual increase in waxy appearance and trophic mutilations accom- 
panying the progression of the disease is associated with single phase 
color changes, thus indicating capillary impairment The skin may 
appear dead and waxlike, or mottled and marmorated In the more 
chronic cases, a diffuse pigmentation occurs The pallor, representing 
vascular deficiency, is due to a gradual obliteration of many of the 
capillaries and postcapillar}'^ venules The coldness of the affected portion 
attests to diminished arterial flow These vascular changes seem to 
parallel rather than precede the changes in the skin It also was 
observed that the more advanced the sclerodermatous process, the more 
marked was the capillary deficiency and the incidence of the giant loops 
The impaired blood supply of the skin is visualized by the capillary 
picture, dnd explains the incidence of trophic lesions in the primary 
or true type of scleroderma 

The observations on the capillary flow m cases of Group 1 seem to 
make more definite the distinctions between the primary and borderline or 
vasomotor types of scleroderma In the former group, a fairly uniform, 
slow movement of the cells was observed Stasis was rare and, when 
present, was moderate No intermittent flow, plasma gaps or aggluti- 
nation phenomena were observed A crowding of the cells into the 
venous limb suggested an obstruction in the postcapillary venule The 
flow was not slow enough, that is below 0 1 mm each second, to pro- 
duce definite cyanosis In the vasomotor group, the morphologic 
changes in the capillaries were slight, but disturbances of flow'- were 
marked Many of the loops exhibited complete stasis, or alternating 
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periods of flow and stasis The flow varied maikedly in contiguous 
loops Plasma gaps and agglutination processes were common Cyanosis 
was present m many of the loops in the compensated stage The capil- 
lary leactions were studied in the dififeient color phases in Case 7 In 
the syncope phase, there was contraction of capillaries, arterioles and 
probably venules In the asphyxia phase, clumps of cells were seen to 
enter the capillary loops from both the aiterioles and venules, indicating 
incomplete lelaxation of these vessels The capillary flow was inert, 
and cyanosis inci eased with increasing dilatation of the loop After 
variable periods of time, the flow was resumed with bright red, oxy- 
genated blood The capillaries thus presented an entirely different 
picture in the two types of cases In Group 1 vasomotor phenomena 
aie slight or absent, while m Gioup 2 these phenomena predominate in 
the capillaiy picture The ti opine disturbances, in Group 1, are probably 
related to quantitative capillary deficiency, whereas, in the vasomotor 
cases, these disturbances are due to capillary stasis and starvation of 
tissue, which explains the constancy of manifestations in the skin in 
primary cases, and the more transitory phenomena in vasomotor cases 
The relationship of the capillary behavior and the disturbances of the 
skin obseived in the vasomotor cases can be explained on the basis of 
Krogh’s experimental work He found that, when urethan was applied 
to the capillaries of the tongue of a frog, a marked dilatation occurred 
with ocular evidence of increased capillary permeability The cells 
clumped together with loss of plasma and stasis Thus, capillary dilata- 
tion and stasis represent increased capillaiy permeability We could 
believe that the disturbance in permeability in the vasomotor group, as 
evidenced by the length of stasis and agglutination phenomena, is suf- 
ficient to produce an upset in the tissue-blood equilibrium, involving dis- 
turbance of the hydrostatic and osmotic pressures with loss to the 
capillary blood of water and possibly of colloids The transitoiy swell- 
ing or puffiness of the skin is clinical evidence of this disturbed equi- 
librium We beheve that the vasomotor group comprises cases of 
Raynaud’s disease in which the phenomena of water-colloid disturbance 
has reached'a degree to cause changes in the water content of the skin, 
simulating those of scleroderma Practically all cases of Raynaud’s 
disease reveal some evidence of metabolic disturbance of the skin This 
may be represented merely by excessive localized sweating, cold, or by 
minor degrees of puffiness or swelling When these alterations exist in 
sufficient degree, simulation of true scleroderma occurs 

The histopathologic picture of the clinically recognizable scleroderma 
IS that of an increase in connective tissue elements m the corium and 
subcutaneous tissue, with a diminution in the cahbei of the vessels, and 
thickening of the media and the adventitia, proceeding to atrophy from 
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the scleroses, and pressure However, in the early cases of scleroderma 
in which the foregoing processes have not as yet occurred, the value of 
a biopsy becomes limited The use of histopathologic study in the 
Raynaud syndrome does not, as a rule, permit of definite deductions 
Therefore, the taking of a biopsy in these borderline cases will not help 
materially m the difierentiation 

Although a successful treatment is not available in either group of 
cases, the differentiation of these types is of moie than academic interest, 
since the pathologic basis for a rational treatment would differ diametric- 
ally m both groups 

SUMMARY 

The nail-fold skin capillaiies were studied quantitatively in a senes 
of ten cases, five of which presented a definite picture of scleroderma, 
and the remaining five essentially a Raynaud syndrome with associated 
sclerodermatous changes Fiom the difference m capillary morphology, 
size, tonus and flow, the cases were divided into two groups Group 1, 
true diffuse scleroderma, in which there was a quantitative deficiency of 
capillary loops, which roughly paralleled the trophic disturbances and 
Group 2, the borderline or vasomotor type, in which the skin disturbances 
were apparently secondary to the abnormal vasomotor reactions, with 
dilatation, stasis and permeability disturbances of the capillaries These 
cases are apparently true Raynaud’s disease, the changes in the skin 
attaining a degree to cause clinical confusion with true scleroderma 

It IS apparent that the careful study of the skin capillaries will assist 
in the differentiation of these cases, but that furthei study of the primary 
group IS necessary before it will be possible to make any deductions as 
to the etiologic role played by the capillaries 

REPORT or CASES 

Case 1 — Canadian veterinarian, aged 50, had had a septic infection in 
1910 The scleroderma began three years before the patient came to the Mayo 
Clinic While driving a car in extremely cold weather, he noticed numbness 
and pallor of the hands, which persisted in varying degrees Flexion move- 
ments became impaired, and the skin gradually became stretched and shin> 
The symptoms were aggravated by cold, but there were no color changes sug- 
gesting Raynaud’s disease 

At the time of the examination, the hands were cyanotic and cold, the skin 
was hard and glazed, but not tender The feet were bluish pink and mar- 
morated The peripheral arteries pulsated normally A masklike appearance 
of the face and partial immobilization of the lip were noted early 

Case 2 — An English farmer, aged 31, first noticed scleroderma during a 
period of extreme cold three years before coming to the clinic The first and 
second fingers of both hands were tender to touch, and it was thought that they 
were frozen The toes and ears were similarly affected, and became cyanotic m 
about three months There was gradual stiffening of the fingers, followed by 
pain on motion The skin became dry and shiny, and, during the last year, the 
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skin of the face had also become red, hard and shiny Necrotic areas appeared 
over the knuckles and elbows and the tips of the fingers 

At the time of examination, the hands and feet were moderately cyanotic, 
and cold to touch The skin was tense, hard and shiny, with small dry ulcers 
on the elbows, and on the middle joint of the third fingers There was limita- 
tion of motion of the fingers and elbows The skin of the face was firm and had 
a varnished appearance 

Case 3 — K railroad man, aged 47, an American, had had multiple infec- 
tions, rheumatic fever, tj'phoid, influenza, malaria and possibly syphilis The 
onset of scleroderma was one j’^ear before the patient came to the clinic, when 
the hands swelled slightly during the summer Three months later, small ulcers 
developed on the tips of the fingers, Avith increasing stiffness of the hand and 
hardening of the skin There was slight burning and increased sensitivity of 
the skin The process had extended gradually 

At the time of examination, there were well defined, hard, diffuse, sclero- 
dermatous lesions of the hands, feet and arms, anterior chest and abdomen, 
face and neck There vas no definite pigmentation, and there were no color 
changes Motion was impaired 20 per cent Small trophic areas were present 
on the tips of the fingers 

Case 4 — A mining engineer, aged 28, an American, first noticed sclero- 
derma during exposure to cold weather two years before coming to the clinic 
The skin of the finger tips cracked, the fingers became pale, and, when 
warmed, were slightl}’' C}"anotic The condition continued with mild color 
changes when he was exposed to cold, and there was a tendency to cracking of 
the skin Six months ago, the hands, ankles and knees began to swell, and 
since then the swelling has spread to the forearms and legs These extremities 
were painful on motion, and the patient felt cold There was hard swelling m 
the face, and gradual stiffening of the skin of the hands and face 

At the time of examination, the face was masklike, and the skin hard and 
shill} The hands were c3'anotic, swollen, hard and cold to touch, the atrophic 
changes were not marked Small trophic ulcers of the finger tips were noted 
The lesion extended above the elbow'S, and there was a similar condition m the 
feet extending to the knees 

Case 5 — An Italian woman, aged 24, had had pleurisy m 1923, and a 
diminution in menstrual flow for the last three years The scleroderma began 
suddenly, twelve years before the patient came to the clinic, with symmetrical 
asph}xia of the fingers to the first joint There was no preceding pallor The 
condition appeared after exposure to severe cold, and was followed by redness 
with a burning sensation The following year, keratoses appeared on the 
finger tips During the last five years, the skin had become shiny and stiff, 
gradually involving the wrists There w'as dry necrosis, loss of the terminal 
joints of the fingers, and increasing general pigmentation, more marked over 
pressure areas The skin of the lips, nose and shoulders had become tighter, 
causing difficulty in movement 

At the time of examination, the skin of the hands and face was hard, 
glistening, shiny and stretched in appearance Atrophy was marked There 
was some destruction of the terminal phalanges, trophic ulcers of the malleolar 
and olecranon areas (Fig 1), and general brownish pigmentation, most marked 
along spinous processes 

Case 6 — A housekeeper, aged 60, an American, four _years before coming 
to the clinic had had blanching and cyanosis of the fingers to the distal 
joints, following exposure to cold There was no pain during the period of 
recovery, merely a mild sensation of burning During the last two years, the 
susceptibility to cold had been more marked The hands and feet had become 
puffy and felt uncomfortable, and flexion of the hands wms slightly impaired 

At the time of examination, the hands w'ere red, swmllen and slightly shiny 
Flexion was incomplete Slight induration extended to the elbow’^s Veni- 
puncture revealed definite hardening of the skin Small, dried, necrotic areas 
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in the tips of the fingers were found Exposure to cold caused pallor and 
cj'anosis, followed by the rubor and a burning sensation The peripheral 
vessels were palpable with normal pulsation, and the blood pressure was 138 
systolic, and 84 diastolic 

Case 7 — A telephone operator, aged 26, an American, first noticed color 
disturbances in the hands six months before coming to the clinic, during a 
nervous breakdown from overwork Two months later, she noticed that the 
hands turned white on exposure to cold, and that the feet and hands became 
swollen The skin w'as shiny, and there was difficulty m flexion Cyanosis 
would follow blanching spells, and then redness wnth burning, and a dis- 
agreeable sensation similar to ehilblains Two months later, pain developed 
during the period of syncope 

On examination, the skin of the hands was found to be shiny and glazed in 
appearance The skin of the feet tvas slightlj^ firm to touch There was 
about 75 per cent flexion in the hands No atrophic changes in the skin w'ere 
noted At room temperature, the hands were red and cool With colder 
temperatures, the fingers became mottled with pallor and cyanosis The 
peripheral vessels were palpable w'lth normal pulsation 

Case 8 — An American housewife, aged 27, had a nervous breakdown on 
the day of her husband’s death, three years before coming to the clinic Her 
voice became hoarse, and she could not speak above a wdiisper Sw'elhng 
appeared in the fingers, with a dead, numb feeling, and, on exposure to cold, 
the second finger of the left hand turned white to the first joint There was 
no pain Syncope attacks continued, and affected all the fingers during cold 
or w'et weather, but not the thumbs Later, cyanosis followed the blanching, 
then redness with deep seated soreness, w'hich felt as if it w'ere in the bone 
The skin had become firmer, and complete flexion of the hands was not possible 
The patient complained of a sensation of full distention in the hands, and a 
similar, but more marked, sensation in the feet 

At the time of examination, the skin of the hands was shiny and felt slightly 
stiff, but was not boardlike or dense There was no atrophy, but the hands 
were somewhat cyanotic and cold to touch They became slightly pale with 
temperature changes, then presented a bluish, mottled appearance, followed 
by irregular distribution of red areas The color changes were not complete 
The peripheral vessels were palpable with w'eak pulsation 

Case 9 — A man, aged 29, an Ameriean, had scleroderma which began after 
a severe shock in a railroad accident The patient first noticed loss of sensation 
in one finger on exposure to cold, follow'ed by minor degrees of cyanosis and 
rubor This condition persisted, but without pain Two years later, the hands 
and feet became swollen and tense Color changes were more pronounced, and 
varied with cold and exercise Recently, the hands and feet had become pale 
and cold, and color changes became more marked with lesser degrees of cold 
It was difficult to flex the hands, and the fingers were swollen and rather firm 
There was no atrophy A dry trophic area was noted on the right thumb A 
mild tingling and numb sensation accompanied exposure to cold 

Case 10 — An American houscAVife, aged 26, had always noticed blanching 
of the fingers on exposure to cold Ten months before coming to the clinic, 
she noticed a transitory cyanosis of the finger tips, extending to the distal 
joint, the attacks lasted about fifteen minutes There was no distinct pain, 
but numbness and color changes were noted The condition was aggravated 
by cold, being particularly bad during cold damp weather For the last three 
months, the patient had had transitory edema of the face No trouble had 
been noticed in the Let 

Examination revealed the facial lesion to be disseminated lupus erythe- 
matosus There were small trophic changes in the tips of the fingers, with 
slight loss of tissue and small, dried ulcerations The skin of the hands was 
firm and slightly thick There was no atrophy of the skin, which was Dale and 
cyanotic 



AN ACUTE FEBRILE PLEIOCHROMIC ANEMIA WITH 
HYALINE THROMBOSIS OF THE TERMINAL 
ARTERIOLES AND CAPILLARIES 

AN UNDESCRIBED DISEASE ^ 

ELI MOSCHCOWITZ, MD 

NEW YORK 

This .case is remarkable, clinically and anatomically 

REPORT OF CASE 

Histoiy — K Z, a girl, aged 16 years, was an elementary school graduate, 
had gone to business school, and had been employed for eight months pre- 
ceding the illness There were three other children, two younger and one 
older, all apparentl> were perfectly normal There were no home difficulties, 
and poverty was not extreme She had spent September 4 and 5 at Rockaway 
Beach, where she appeared m perfect health and spirits She had returned 
home on the evening of September 5 and slept well On the morning of 
September 6, she complained of weakness in the upper extremities and had 
pain on moving the wrists and elbows, she already had marked pallor and 
was slightb"^ constipated The s 3 'mptoms increased in seventy until she was 
admitted to the Beth Israel Hospital, September 15 While at home, she 
had a constant fever, the temperature rising once to 104 F and staying at 
other times between 101 and 102 F 

Physical Examination — The patient was a pale girl with “cafe au lait” 
tinge A few petechiae were present on the left arm The lungs and heart 
revealed nothing abnormal The spleen and liver were not enlarged The 
abdomen was lax and not tender September 18, the red blood count was 
1,330,000, the hemoglobin, 40 per cent , the leukocytes, 12,600, of which 65 
per cent were polymorphonuclears The red cells revealed a central pallor, 
but there were no nucleated elements A fragility test showed hemolysis to 
begin at 08, and to be complete at 019 (D Ho platelet count was made 
September 19, the red blood count was 1,120,000, the hemoglobin was 40 per 
cent , and the leukocytes were 19,000 A blood culture remained sterile 

The urine showed marked traces of albumin with hyaline and granular casts 
The blood chemistry, September 16, showed urea, 21 2 mg per hundred 
cubic centimeters , nonprotein nitrogen, 31 25 mg per hundred cubic centi- 
meters, and creatinin, 1 1 mg per hundred cubic centimeters The feces and 
gastric contents gave a marked reaction for occult blood 

Roentgen-ray examination of the chest showed nothing abnormal The 
electrocardiogram showed inversion of the T wave in Lead III The tempera- 
ture, on admission, was 101 8 F During the week the patient was in the 
hospital. It ranged between 100 and 102 F The pulse varied between 100 and 
130 The respiration was around 20 The systolic blood pressure was 130, 
and the diastolic, 60 

September 19, there was partial paresis of the left arm and leg, also, a 
slight facial paralysis The following day, a double Kernig reflex was noted 
That night there was pulmonary edema, which responded to treatment Soon 
after, the patient went into coma, respirations became irregular, and she died, 
September 20 Dr E Libman, who saw this patient in consultation, recognized 
the condition as a new disease 


+ Read before the New York Pathological Society, Feb 7, 1924 
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Ncciopsy—A partial necropsy was done The body was pale and poorly 
nourished The lower lobes of both lungs showed marked congestion The 
heart was slightly enlarged, the left ventricle was hypertrophied, the muscle 
was firm and pale The mitral and aortic vahes were normal The liver 
was slightly enlarged, pale and fatty, there was slight nutmeg change The 
spleen measured 11 by 8 by 3 cm, and weighed 165 gm The surface was 
smooth On section, the organ w-as deep mahogany red, somewhat soft and 
\elvety The malpighian bodies w-erc prominent The kidnej-s w'ere large, 
the capsules were smooth and not adherent, on section, the organ w'as deep red 
The anatomical diagnosis w'as anemia, acute congestion at the bases of 
both lungs, hypertrophy of the left ventricle of the heart, hyperplasia of 
the spleen, and congestion of the Iner and the kidneys 

Midoscopic Exammahon — The lungs w'cre edematous, at the bases, there 
was congestion of the parenchyma The heart muscle revealed a striking 



Fig 1 — Section of heart muscle, shownng hyaline thrombi in early stage 

appeal ance With the low pow'er of the microscope, practically every field 
revealed from one to a dozen structures that w’ere unquestionably thrombi 
in the terminal arterioles or capillaries These varied m appearance and 
revealed progressive changes depending on the amount of organization that 
had taken place The earliest (Fig 1) show^ed merely a plugging of the 
vessel with a hyaline mass which either partially or completely filled the 
lumen Usuall}'^, even m this stage, the plug, if not in intimate contact with 
the wall of the vessel, was surrounded by a layer of flat cells of the fibro- 
blastic type w'hich was distinct from the endothelial intima In older plugs 
(Figs 2 and 3), fibroblasts penetrated into the hyaline mass, and the older 
the plug, the greater became the amount of fibroblastic infiltration at the 
expense of the hyaline material, eventuallj, a small fibroblastic tubercle-like 
structure w'as formed In some of these thrombi, the origin of these fibro- 
blasts from the endothelium of the vessel was plainly discernible At the 
same time, the process of organization within the lumen was accompanied by 
a fibroblastic process around the wall of the vessel in concentric fashion, 
w'lth the van Gieson stain, some gave the reaction for fibrous tissue Karyo- 
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Fig 2 — Section of heart muscle, showing hyaline thrombi with beginning 
organization 



Fig 3— Section of heart muscle, showing hyaline thrombi with beginning 
organization 
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kinetic figures in these fibroblasts were common In some vessels in which the 
plug had not completely filled the lumen, tiny spaces were formed m which 
fresh red cells were visible Only the terminal arterioles and capillaries were 
involved The larger vessels with well defined muscular walls showed no 
change whatever, either in the form of thrombosis or changes in the intima 
Every section of heart muscle was involved, the ventricles, the auricles, the 
papillary muscles and the septum, they were even visible in some of the 
vessels of the precordial fat In addition, there was moderate edema of 
the parenchyma The liver showed a moderate fatty infiltration and slight 
congestion around the central veins Very few hyaline thrombi m the early 
stages were noted The spleen showed enormous congestion of the sinuses 
A few hyaline thrombi were present in some of the central vessels of the 
malpighian bodies The kidneys showed marked parenchymatous degeneration 
in the tubules and congestion of the parenchyma The malpighian tufts were 



Fig 4 — Section of kidney, showing hyaline thrombi in terminal arterioles 


clear Many of the arterioles and capillaries in the middle zone, in the region 
of the vasa recta, showed hyaline thrombi of the same morphology as those 
in the heart (Fig 4) No bacteria, tubercle bacilli or spironema pallida were 
found in any of the tissues 

A fairly complete search of the medical literature fails to repeal a 
case resembling this, either clinically or anatomically Hyaline thiombi 
have long been recognized but never m respect to the enormous spread 
and distnbution revealed m this case Klebs ^ apparently was the first to 
describe these thrombi, he noted them m cases of extensive burns 
They have been described in a wide variety of conditions Thus, 
Kaufman " found capillary red cell thrombi m cases of mercury poison- 


1 Klebs Handb d path Anat Berlin, 2 114, 1868-1880 

2 Kaufman, quoted by Dietreich (Footnote 6) 
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ing Schmorl ^ found them in the stomach and liver after abrin 
poisoning Flexner ^ noted such thrombi in the neighborhood of 
ulcerated typhoid ulcers of the ileum and in the lung, associated with 
bronchiectasis , also m the liver m enclampsia, and m the stomach after 
carbolic acid poisoning He also states that they have been found in 
pneumonia, diphtheria and m some of the acute infectious diseases 
Loeb, Strieker and Tuttle® noted red cell thrombi m the lungs of 
animals after the injection of a foieign serum Dietreich® found such 
thiombi in animals after the injection of an extract from beans 
Bacterial infections are common causes of such thrombi, for they have 
been produced expenmentally, in infections, by the hog cholera bacillus 
(Boxmeyer the pneumococcus and the staphylococcus auieus 

The true pathogenesis of hyaline thrombi was not known until 
Flexner showed that they arose from agglutinated red cells This he 
proved by injecting the highly agglutinative substance, ricin, into 
rabbits He concludes that when red cell thrombi are old or when 
agglutination is compact, they have the appearance of hyaline thrombi 
He also states that poisons that destroy red blood corpuscles rapidly 
provoke agglutinative thrombi, and that the so-called fibrin ferment 
thrombi are probably agglutinative thrombi Peaice,® indeed, obtained 
hyaline thrombi m the liver associated with focal necroses by injecting 
agglutinating serums He also injected filtered autolyzed products of 
various bacteria which possess hemagglutinins of low activity and 
obtained similai necroses of the liver associated with fused red blood 
cell thrombi, i e, stiuctures lesenibhng hyaline thrombi 

In this condition, it is interesting to note that, as far back as 1875, 
Landois ® found that an injection of foreign blood causes multiple 
capillary thrombosis 

I have learned that Dr Max Lederer of Brooklyn has seen foui 
cases clinically identical with the one described in fins report He 
permits me to state that, thus far, no cause has been found, and that all 
four patients recovered promptly after a single transfusion of blood 

From these observations we conclude that death, in the case 
desciibed, resulted from some powerful poison which had both agglu- 
tinative and hemolytic properties If opportunity ofifers, further 
investigation will be made of this stiange disease with strange pathologic 
morphology 

3 Schmorl Jahresb d Gessellsch f Nat -u Heilk m Dresd , 1899-1900, 
quoted by Flexner (Footnote 4) 

4 Flexner J M Res 8 316, 1902 

5 Loeb, Strieker and Tuttle Virchows Arch f path Anat 201 5, 1910 

6 Dietreich Centralbl f Path 23 372, 1912 

7 Boxmeyer J M Res 9 146, 1903 

8 Pearce and Winne Am J M Sc 128 669, 1904 

9 Landois Die Tranfusion des Blutes, Leipzig, 1875, p 225 
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THE COLLAPSE THERAPY 
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That a certain relation exists between the degree of structural 
invoheinent of the lung tissue and the diminution in the Mtal capacity 
has been known since Hutchinson^ published his observations on the 
vital capacity in a great -variety of subjects, but that the recuperation 
of pulmonar} function seems to be possible e\en when the integrity of 
the lungs is not perfect is of great clinical importance and deserves 
more extensive investigation The various functional modifications of 
the respiiatorv' capacity taking place during the entire course of ther- 
apeutic pneumothorax afford a great deal of information in_this respect 

A pi ion one would expect a quantitative relation between the amount 
of air introduced into the pleural cavuty and the diminution of the vital 
capacity Such, however, was not the case in many of our tuberculous 
cases treated with artificial pneumothorax, the same quantity^ of air 
introduced into the pleural cav ity produced different results in the reduc- 
tion of the vital capacit} not only in different cases, but even in the 
same case at various insufflations It follows that the amount of air 
introduced into the pleural cavuty is not the sole factor affecting the 
decrease in the vutal capacity, but man} other factors come into play It 
varies vvuth the ty^pe of pneumothorax with the functional and pathologic 
status of the treated lung, as well as the condition of the contralateral 
lung, with the mov ements of the diaphragm and mediastinum and with 
the cardiac ability' to compensate Each of these factors has a definite 
bearing on the vutal capacity and may affect it jointly or singly 

It w'as the purpose of these experiments to find out which of the 
factors plays a more important role in the reduction of the respirator} 
capacity’- what clinical assistance w’e can deriv’e from the periodic vntal 
capacity' measurements as to the amount of gas to be administered at 
each insufflation and how much spirometry can serve as a prognostic 
criterion in the collapse therapy 

^ From the Montefiore Hospital, Bedford Sanatorium for Incipient 
Tuberculosis 

1 Hutchinson, J On the Capacity of the Lungs and on the Respiratory 
Functions with a View’ of Establishing- a Precise Method of Detecting Disease 
bv the Spirometer, Med -Chir Tr 29 137, 1846 
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MODiriCATION or VITAL CAPACITY IN VAHIOUS TYPES OF 
ARTIFICIAL PNEUMOTHORAX 

In consicleiing the vital capacity changes that take place with each 
injection of an into the pletiial cavity, the distinction between the types 
of pnenmothoiax existing at the time of insnfdation must be kept cleaily 
m mind In a pievious article,- I indicated that at least thiee distinct 
types of induced pnenmothoiax exist with refeience to the undiseased 
portion of the lung 

(a) Expansile pnenmothoiax, in which the intiapleuial piessuie is 
much smallei than the intiapulmonaiy piessuie and the lung is not com- 
piessed, but collapsed oi leti acted by viittie of its own elasticity, and still 



Fig 1 — Inspiration and expiration, respectively, showing a definite expansion 
and contraction of collapsed lower left lobe taking place with each respiratory 
movement, while the compressed upper part of upper lobe remains unebanged 
during both respiratory phases Both inspiiatory and then expiratory intra- 
pleural pressures were negative in this case 

expands and contiacts to a limited extent with each respnatoiy phase 

(Fig 1) 

{h) Static pnenmothoiax, oi pnenmothoiax of lest, m which the 
intrapleuial piessuie equals that of the mtrapulmonaiy pressuie, i e, 
both are at atmospheiic piessuie, and the collapsed lung is in a state of 
equilibrium oi permanent test (Fig 2) 

(c) Compression pneumothorax, m which both the inspiratory and 
expiratory intiapleuial piessuies exceed that of the intiapulmonaiy one 
and the lung is actually compiessed, its entiie volume being changed and 
its air capacity i educed to the minimum (Fig 3) 

2 Bendove, R A The Classification of Artificial Pneumothoraces and 
Their Corresponding Clinical Value, Am Rev Tuberc 10 540 (Jan ) 1925 
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(d) There exists another type of pneumothorax that cannot be 
included in the foregoing classification, namely, localized pneumothorax, 
1 e , a small pocket of air in the pleural cavity surrounded and limited 
by strong pleural adhesions In such pneumothorax only the immediate 
lung tissue is compiessed slightly, but the rest of the lung keeps on 
functioning as before, irrespective of the high pressure created in this 
localized pneumothorax (Fig 4) 

Obviously enough, all other factois being equal, the same amount of 
air introduced m any one of these pleural cavities will occasion different 
changes m the vftal capacity The smallest variations are noticed m 
localized pneumothoraces , even such a high positive pressui e as -{■40 



Fig 2 — Inspiration and expiration, respectively, of a case of right pneumo- 
thorax in which the inspiratory intrapleural pressure was equal to the intra- 
pulmonary one There was no expansion of the lobes of this lung during 
inspiration The little movement en masse noticed in this lung is due to the 
motion of the contiguous organs, particularly that of the mediastinum 

+ 30 mercury entails very little reduction in vital capacity, the reason 
being that all the pressure is exerted only on this localized cavity, 
whereas the functioning surface of the lung is not enci oached on at all 
The same principle holds true in a much larger scale in an established 
pneumothorax of compression, provided the mediastinum is iigid and 
cannot be displaced There is no ingress of air into such a compressed 
lung, and, consequent!}^, it performs no respiratory function The only 
volume of air it contains is the “minimal air” enclosed m the collapsed 
alveoli from which it is never expelled, and if such a condition exists 
for a long period of time, this small amount of entrapped minimal air 
becomes absorbed by the blood and the lung will eventually become 
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entirely solid (Fig 6) It follows that, legardless of the amount of air 
intioduced into such a pleural cavity and the positive piessuie created 
thei ein, the spii ometi ic i eadings will be changed very little, as the entire 
lespiiatoiy function is carried out by the noncollapsed lung which, in 
the piesence of a rigid mediastinum, is affected to a very limited extent 
by the pneumothoiax We found that the vital capacity of such cases, 



Fig 3 — Right pneumothorax, showing lung ccmpiessed and reduced to its 
minimum Both inspiratory and expiratory intrapleural pressures were highly 
positive 


as a lule, bears no relation to the amount of air introduced with each 
insufflation 

Static pneumothorax, or pneumothoiax of lest, is a tiansitory phase 
which any of the other two types of pneumothorax go through at one 
time or other In such cases, the vital capacity readings do change with 
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each insufflation, but these spirometnc modifications can be studied 
moie extensively and accuiately in expansile pneumothorax, the only 
type that exhibits a whole senes of vital capacity changes during the 
long course of the collapse therapy In cases of expansile pneumo- 
thorax, each insufflation entailed a i eduction m the vital capacity, but 



Fig 4 — Left localized pneumothorax A few attempts at induction of 
pneumothorax resulted in the creation of only two small pockets of air in the 
first and second interspaces, the strong adhesions preventing the separation of 
the visceral from the parietal pleura 

never to the extent of the amount of air introduced into the pleural 
cavity Furthermore, the same amount of air could at one insufflation 
bring about a different modification m the vital capacity than at a subse- 
quent one To explain the phenomenon many factors have to be 
taken into consideration, and of these the i esidital an is of particular 
importance 
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RESIDUAL AIR OF COI LAPSED LUNG ANI) ITS RELATION 
TO VITAL CAPACITY 

The Vital or the lespiratory capacity includes in itself the tidal air, 
the complemental or the most foiced inspiratoiy air, and the supplemental 
01 the most foiced expiratory air But, even after the entire supple- 
mental air has been di iven out, there still i emains in the lungs 1 000 c c 
or more that is nevei expelled and is designated as the residual air 
Whethei theie exists a constant between the vital capacity and the 
lesidual air has not been detei mined yet, though they seem to be 
iiiA ei seh pi opoi tional to each othei , i e , the gi eatei the i esidual air 



Fig 5 — Left pneumothorax, showing lowei lobe expanding to its full 
capacity during inspiration, driving all the air into upper part of pleural cavity 
around the diseased, inelastic portion of lung, and contracting a great deal 
during expiration Two hundred cubic centimeters of air introduced into this 
pleural cavity brought an increase of 100 c c m the vital capacity Larger 
quantities injected never reduced the vital capacity by more than one third of 
their own amounts 

the smaller the vital capacity, and vice veisa Lundsgaaid and Van 
Slyke found that the i esidual an is increased in early cases of pulmo- 
nary tuberculosis, and they are of the opinion that this is the cause of the 
diminution of the vital capacity of such cases The small vital capacity 
of emphysematous cases is also explained on the basis of an excessive 
1 esidual an of the ovei inflated and pooily elastic lung On the other 
hand, it was found that athletes have a high vital capacity and a ven low 
lesidual air, because the well developed muscles of the chest and, 
pai ticulai ly, those of the abdomen pi ess tightly on the abdominal con- 

3 Lundsgaard, C, and Van Slyke, D R Studies of Lung Volume, J 
Exper Med 27 129, 1918 
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tents, which, in turn, push the diaphragm high into the thoracic cavity 
during expiration and squeeze out most of the air from the basal lobes 
Yet, even after the most foicible expiiation, the lungs are far from 
being entirely collapsed, so long that the thorax remains closed The 
reason is very simple the lung with its contained air, which presses 



Fig 6 — Long standing hvdropneumothorax, showing a compressed, almost 
consolidated left lung, the functional capacity of which is entirely lost More 
than 3,000 c c was aspirated within a month, but the vital capacity remained 
as low as before 

against the chest wall, cannot diminish its volume more than the volume 
of the thoracic cat it}^ as the expiratory intrapulmonic pressure is always 
higher than the intrathoi acic pressure Those two antagonistic forces, 
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1 e, the positive mtiapulmonaiy piessuie and the negative extrapui- 
nionaiy, oi intiapleuial piessiiie, keep the elastic lung fiom being 
collapsed and emptied entirely When we intiodiice gas into the plemal 
cavity, we giadiially loosen this negative tie and allow the lung to 
collapse on itself, so that not only the supplemental an is expelled dining 
expiiation but also a pait of the lesidual air is diiven out This expiied 
residual an, which nevei paiticipates in the vital capacity of the phy- 
siologically functioning lung, becomes an integial pait of the vital 
capacity in expansile pneumothorax and is of clinical impoitance as it 
alleviates the d3^spnea oi pi events it altogether, as will be commented on 
later The amount of residual air diiven out from the lung stands m 
diiect 1 elation to the use of the intrathoi acic piessuie, which is now to 
be consideied 

INSPIRATORY AND EXPIRATORY PRESSURES IN THE INFLATED 

PLEURVL CAVITY AND THEIR EFFECT ON VITAL CAPACITY 

Ph} siologically, the inspiiatoiy intiathoiacic piessuie is always moie 
negative than the expiiatoiy piessuie, this allows the lung to be much 
more expanded during inspiiation than duiing expiiation The same 
holds tiue in pneumothoiax The expiiatoiy pressiue is always gi eater 
than the wspiiatory piessure, and so long as the latter remains below 
the mtiapulmonaiy pressiue the lung is able to expand with each 
inspiration, and the moie the expansion, the greater is the mgiess of 
air, 1 e , the gi eater is the complemental air When a ceitam quantity of 
air IS intioduced into the pleural cavity, it inci eases the inspiiatoiy intra- 
pleuial piessure and impedes the expansion of the lung dining inspira- 
tion, which means a cuitailment in the complemental air, and thus a 
decrease in the vital capacity This i eduction of the vital capacity would 
probably be equal to the amount of an intioduced, weie it not for the 
expnatory intrapleuial pressure, which also is increased, compiessing 
the lung more effectively dining expiiation, and diiving out not only the 
supplemental an but also a part of the residual air The highei the 
expiratory intiapleuial piessuie, the gi eater is the amount of residual 
air diiven out We thus have created two conditions in the pleural 
cavity which woik in opposite directions, as far as the vital capacity 
of the collapsed lung is concerned one, the increased inspiratory intra- 
pleinal pressure, tends to curtail the vital capacity, the othei, the 
elevated expiratoiy piessuie, augments it The amount of reduction of 
the vital capacity will be equal to the diminution in the complemental air 
minus the residual air expelled Both may be affected simultaneously 
or eithei one separately, depending on the new pressures created in the 
pleural cavity Thus, 

(a) If the inspiratory pressure is not reduced very much and the 
expiratory air is brought slightly above the atmosDheric then the vital 
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capacit}- will be reduced very little because the complemental air is not 
reduced much, whereas the positive piessure established in the pleural 
cavit}^ duiing expiiation exerts itself mostly on the lungs, compiessing 
them and letting the lesidiial an come into play Case 1 (Fig 7 ) 
illustrates it cleaily The vital capacity piioi to the insufflation was 
3,100 cc , and, aftei the intioduction of 600 c c of air into the pleural 
cavity, it decreased to 2,900 c c , the actual reduction being only 200 c c 
though 600 cc was injected The preinsufflatoiy nitrapleuial pressures 
■^ere — 20 — 7, and the postinsufflatoi 3 ^ ones weie — 14 +4. 1 e, the 
complemental, 01 inspnatoiy, an was not 1 educed very much, and this 
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Fig 7 — Solid line (Case 1) vital capacity prior to insufflation, 3,100 cc, 
after insufflation, 2,900 c c , a reduction of only 200 c c , although 600 c c were 
introduced, broken line (Case 2) preinsufflatorj \ital capacity, 2,300 cc, 
postinsufflatory vital capacity, 2,000 cc, a reduction of 300 cc after injection 
of 400 c c 

curtailment was made up for by the residual air, which was foiced out 
of the lung b}'- the positive expnator}'^ piessure 

(&) When the inspnatoi}^ pressuie is raised to about the atmospneric, 
which means that practically all the complemental an of the lung has 
been cut out, then, even in the piesence of a high expnatoi}^ pressure 
the vital capacit}?^ will be 1 educed a gieat deal (Fig 7, Case 2) The 
explanation lies in the fact that even if the entire residual air could 
have been diiven out from the compressed lung during expiration, its 
amount nould always be smaller than the inspiiatoi)'^ complemental air, 
which has been reduced to a minimum 
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(c) When the inspnatoiy piessme is i educed and the expnatoiy 
piessine leniams inoie oi less stationaiy, the vital capacity is diminished 
almost to the amount of an intioduced (Fig 8, Case 3) Such cases 
usually have a labile mediastinum, which becomes displaced towaid the 
untieated side, encioaching on the lespnatoiy function of the contia- 
lateial lung (This factoi is taken up m detail undei a sepaiate 
heading ) 

((/) In compiession pneumothoiax in which the lung takes no pait 
111 the lespiiatoiy function, the pieinsufflatoiy and postmsufflatoiy vital 
capacities aie always about the same (Fig S, Case 4) The difference 
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Fig 8 — Solid line (Case 3) preinsufflatory vital capacity, 2,800 cc, post- 
insufflatory vital capacity, 2,400 cc , broken line (Case 4) vital capacity before 
and after insufflation of 1,500 c c 

between the insjinatoiy and expnatoiy intiapleuial piessures is simpl}^ 
due to the difference between the dimensions of the hemithorax in 
inspnation and expnation, and since such patients usually possess a 
rigid mediastinum that offeis the same resistance to the intioduced air 
as the chest wall does, a low negative intiapleuial piessuie is rendeied 
highly positive very rapidly This cannot happen m expansile pneumo- 
thorax when the lung is still functioning and the piessuie of the insuf- 
flated air exerts itself fiist on the lung itself The lesistance which the 
lung offeis to the an intioduced into the pleuial cavity also varies a 
great deal with the degiee of elasticity which its tissues possess at the 
time of the insufflation 
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HOW VITAL CAPACITY IS MODIPIED BY PATHOLOGIC AND 
PHYSIOLOGIC STATUS OP COLLAPSED LUNG 

The anatomic lung tissue is veiy elastic and possesses both the expan- 
sile and contractile foices to the same degiee Pathologic involvement 
of the lung may attenuate, injuie and destioy entirely either the expan- 
sibility alone, oi the contractility alone, oi both of them simultane- 
ously In any infiltiative condition of the lung, the expansibility is the 
first to suffer while the contractihtv remains moie oi less intact, 
hence, the tendency of such tissue to undeigo atelectasis In einph}- 
sema, the reverse takes place, the contiactihty is attenuated whereas the 
expansibility is intact, leading to an ovennflation When the infiltrated 
lung tissue undergoes caseation, it loses all its elastic charactei istics, both 
expansile and contiactile, and becomes soft and f liable As the tissue 
goes thiough all the gamut of destiuction and repaii to fibiosis it 
becomes hard and unyielding, but with a stiong tendency to contract 

The altered histological architectuie of the tuberculous lung treated 
with artificial pneumothorax exhibits, as a rule all the modified elastic 
chaiactenstics just enumerated, and consequent!} it reacts diffeiently to 
the gas intioduced into the pleuial cavity The infiltiated and caseous 
areas will become compiessed at once, the filirosed aieas will yield veiy 
slowly but once “caved in” will remain so all the time, wheieas the unin- 
volved portion of the lung will continue to expand and contract with each 
respiratory movement So long as the intiapleuial piessure is kept lower 
than the intrapulmonaiy pressuie, the lung will extend to a hmit-ed 
extent with each inspiration, but as soon as the inspiiatoi} intrapleural 
pressure reaches that of the intrapulmonary one, the expansibiht} of the 
lung tissue cannot assert itself any more and the lung lemains com- 
pressed even during inspiration If such a high positne intiapleural 
pressure is maintained for a long time, the expansibihU of the lung tissue 
may become injured and never regain its formei physiologic limit In 
expansile pneumothorax however we always leave the intiapleural 
pressure below the atmospheiic and the uninvolved poition of the lung 
continues, theiefore, to function within ceitam confines duiing the entiie 
course of the treatment 

It should be taken into consideiation that the diseased edematous 
alveoli contain very little air and much less pressure is i equired to i endei 
them entirely airless and close them up completely Consequently, thei e 
IS no access of air into such alveoli, and the} cease to dilate with each 
inspiration, it being one of the main desideratum of pneumothorax ther- 
apy to keep the diseased alveoli from to and fro motion synchionous 
with the respiratory movements As we progress in the couise of thei- 
apv by collapse of the lung, these atelectatic alveoli become fibrosed and 
fail to reinflate, even in the most forcible inspiration , they remain perma- 
nently compiessed and contracted A most interesting phenomenon 
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occui s when gas is introduced into such a pleural cavity The gas accu- 
mulates mostly around these diseased aieas, no matter where they are 
situated m the uppei or lowei lobes, during inspiiation, while, m expna- 
tion, the gas is distributed evenly from apex to base Figure 5 exhibits 
this phenomenon sahently The explanation offered is that there is no 
access of air into the diseased, contracted aieas of the upper lobe, duiing 
inspiiation, whereas the lower umnvolved lobe inflates fieely with the 
mspnatoiy movement and leplaces the air in the empty space left by the 
conti acted tissue, dm mg expiiation, on the othei hand, this functioning 
pait of the lung becomes also collapsed and the air distributes itself 
evenly thioughout the pleural cavity 

What IS of gieatest mteiest, as far as spirometry is concerned, in 
such cases is the fact that a small amount of air intioduced into the 
pleural cavity hi mgs about a slight inci ease in the vital capacity instead 
of a deciease In the case just cited, an intioduction of 200 c c entailed, 
as we anticipated, an increase of about 100 c c m the vital capacity The 
explanation is to be sought m the mechanicodynamic foices created m 
this hemothorax, during inspiiation, all the dimensions of the thorax 
mciease and the umnvolved elastic pait of the lung expands fieely, diiv- 
mg all the an into the vacant aiea left by the nonfunctionmg, conti acted 
portion of the lung, wheieas, dining expiration, the functioning portion 
lecoils on itself, and all the diameteis of the tlioiax decrease and exeit an 
equal pi essure throughout, so that the air becomes evenly disti ibuted and 
foices the residual an from this functioning poition of the lung If, 
however, the amount of an insufflated is being increased, it begins to 
encioach also on the inspiratoiy expansion of the functioning poition of 
the lung, cutting shoit its complemental an This impediment of expan- 
sion stands in dnect i elation to the amount of an intioduced and the 
inspiratoiy intrapleuial pi essure created Should a high intiapleural 
piesstiie be maintained foi a long peiiod of time, keeping the umnvolved 
part of the lung in compression, its expansile force becomes inhibited or 
gieatly injured, and, of couise, a leduction of the vital capacity ensues 
That IS why it is much better to give smallei amounts with lower mtia- 
pleural pressure, lepeated quite fiequently, than to give large amounts 
with a high intiapleural piessuie 

Once the expansibility of the lung tissue has been inhibited or 
mjuied, it can never be regained The conti actile force preponderates 
and its tendency to atelectasis is augmented Thus, we have patients 
treated with aitificial pneumothorax under high intrapleural pressure, 
then lungs, having been kept compressed foi months, were allowed to 
expand giadually, by i educing the insufflatoiy amounts and the intra- 
pleural pressuie Such patients gam gradually in their vital capacity, 
but every insufflation cm tails then vital capacity much more than the 
amount of air introduced into the pleuial cavity, because of the marked 
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tendency of this lung tissue to undeigo atelectasis But, after a few 
days, particulaily if they are made to bieathe deeply, they legain the 
former amount of vital capacity This shows that their expansibility 
has not been peimanently injured, but has been gieatly attenuated by the 
long standing compressed condition However, those lungs which have 
been kept compressed for many yeais fail to re-expand, and the vital 
capacity of the patients is at a low ebb Fluid causes even a greater 
injury to the expansibility of the lung tissue and, if not lemoved in time 
may occasion a peimanent compiession of the lung and a complete 
reduction of its respiratoiy^ capacity (Fig 6) 

TEMPORARY AND PERMANENT EEEECT OE PLEURAL EEEUSION 

ON VITAL CAPACITY 

As alieady intimated, the extent, character and permanence of the 
loss of the expansile quality of a compiessed lung stands in direct rela- 
tion to the natuie and the duiation of the underlying cause, hence the 
longer the fluid is left in the pleuial cavity, the gi eater injury will it 
inflict on the expansibility of the lung tissue and, theiefore, also on the 
vital capacity The chait (Fig 9 Cuives 1 and 2) of cases of hydro- 
pneumothorax illustrates lucidly that not only the fluid, but also, to a 
greater extent, its duiation m the pleural cavity causes a marked crip- 
pling of the lespiiatoiy capacity of the lung Curve 1 lepresents a case 
of pleural effusion of moie than a yeai’s duration Before aspiration, 
the vital capacity of the patient (a man) was 2,200 cc , and the with- 
drawal of 1,800 c c of thick, yellow fluid replaced by 800 c c of air, 
brought no change in the vital capacity Daily spii ometric readings for 
four consecutive weeks disclosed no essential changes (the small changes 
noticed on the chait are due to the physiologic vaiiations observed in any 
serial spirometry) At the end of three weeks, the pleura was insufflated 
with 300 cc of air, it gave use to a high intrapleural pressure, but no 
alteration in the vital capacity took place 

Curve 2 exemplifies the effect of the timely removal of fluid from the 
pleural cavity on the rapid recuperation of the respnatoiy capacity of 
the lung This was a case of hydropneumothorax of about two months’ 
duration The vital capacity of the patient (a man), before aspiration, 
was 2,000 c c After the withdrawal of 1,400 c c of clear fluid and its 
replacement by 800 c c of air, the vital capacity inci eased to 2,200 cc 
Daily spirometnc readings showed a gradual but peisistent increment of 
the vital capacity, so that at the end of three weeks it reached 2,800, i e , 
an increase of 800 c c , almost half the amount of his vital capacity prior 
to the aspiration When 500 c c of gas were now introduced into the 
pleural capacity, it occasioned a reduction in the vital capacity to the 
same amount This seldom happens in other cases of expansile pneu- 
mothorax However, in four days, the vital capacity returned to what 
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it was befoie the induction of gas The vital capacit}'- modifications in 
the subsequent lefills did not diffei in any way fiom those desciihed 
under expansile pneumothoiax 

111 Case 1, the compressed lung, undei the fluid foi moie than a yeai, 
became completel} atelectatic and probably fibiosed, lost its elasticit}'^ and 
could not expand any moie, even after the removal of the primary 
cause In Case 2, the elasticit} of the lung did suffer slightl}'- undei the 
piessure of the fluid, but, as soon as the cause was lemoved, it took a 
compaiatively short time for the atelectamc lung to regain its expansibil- 
ity, gradually but persistent!} , the vital capacity keeping pace with it 
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Fig 9 — Broken line case of left pleural effusion of about one }'ear’s dura- 
tion, showing no change in the vital capacity after aspiration , solid line cast 
of right hydropneumothora\ of about two months’ duration, showing a gradual 
increase in the vital capacit}' after aspiration 

This IS the best aigument in favor of aspirating pleural fluid as soon 
as possible and replacing it by an , which is much easier to manage, exerts 
less compression on the lung, and is absorbed much moie quickly 
Furthermore, fluid always giavitates to the bottom, compiessmg the 
basal lobe, no matter whether it is diseased oi not, whereas an distributes 
itself according to the existing pneumodynamics, which makes it accumu- 
late mostly around the diseased aieas 

It is worthy of notice that, even when we replaced the aspirated fluid 
with the same amount of air, the vital capacity was imaiiably greatei 
than before aspiration This might be attributed to the greatei com- 
pressibility of air than fluid and to the fact that an can be made to 
occupy less space duiing inspiration, allowing the lung to expand and 
breathe in more air with each inspiratory phase 
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MOVEMENTS OF DIAPHRAGM AND MEDIASTINUIM WITH REGARD 10 

VITAL CAPACITY OF COLLAPSED AND CONTRALATERAL LUNGS 

The relation of the movement of the diaphragm to the vital capacity 
will be repoi ted m a separate conti ibution on phi enodynamics of which 
we are now making a special study Suffice it to mention here that when 
the diaphi agmatic function is not injuied it assists a gieat deal in inci eas- 
ing the vital capacity by compressing the lower lobe dm mg expiration, 
this IS particularly tiue when the basal lobe is the onl} functioning one 
In case of paialysis of the diaphiagm, a pait of the air injected into tne 
pleural cavity is wasted by keeping it down at a lowei level than its physi- 
ologic one, and it should be taken into consideiation b) the opeiator 
when insufflations are made 

The role of the mediastinum in aitificial pneumothoiax:, has been 
discussed full}'' m my woik on the classification of aitificial pneumo- 
thoraces and their coi responding clinical value - to which the leadei is 
referied Its mobility has little beaiing on the vital capacity of the col- 
lapsed lung, but It is one of the chief factois m modifying the Mtal 
capacity of the untreated lung If it is A'eiy iigid and stable it ne\er 
becomes deflected into the contralatei al side, no mattei how high the 
intrapleural piessuie is raised and consequently, no encioachment is 
made on the lespiratoiy suiface of the othei lung But if the medias- 
tinum is labile. It becomes displaced into the othei hemithoiax, the 
higher the mtrapleuial pressuie, the gieatei is the displacement and the 
more is the embariassment of the conti alateial lung In the piesence of 
a labile mediastinum, no compression pneumothoiax can be olitained 
without causing maiked lespiiatoiy distiess and dyspnea, not only 
because of the marked i eduction of the vital capacity of the treated lung, 
but also on account of the compression of the othei lung, caused by the 
displaced mediastinum and diminishing its lesjmatoi} capacitv 

We had a case of a right spontaneous pneumothoiax in which the 
mediastinum was thrust beyond the nipple line of the othei hemithoiax 
(Fig 10) The patient was ver} orthopneic and his vital capacity was, 
at that time, only 800 cc Only after the withdiawal of 1,000 c c of 
air from the pleural cavity could he he on his back without gasping foi 
air, though the intrapleural pressure still remained slightly positive, and 
the pneumothorax lung was entirely compi essed His vital capacity was 
then 1,200 c c Fluoroscopically we obseived that the collapsed lung did 
not function yet, but that the mediastinum was moved moi e towai d the 
median line, proving beyond doubt that the 400 c c increase of the vital 
capacity came from the contralateral lung, which was now leheved from 
the pressure of the previously displaced mediastinum 

Fortunately, most of the patients tieated with aitificial pneumothorax 
that requne a high intrapleural pressuie because of unyielding cavities 
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abundance of fibiosis and pleural adhesion, have, as a rule, a rigid medias- 
tinum, and theiefoie a compiession pneumothorax can be obtained with- 
out encioachmg on the lespnatoi)^ capacity of the contralateral lung In 
expansile pneumothoiax, in which the intiapleural piessuie is always 
negative, theie is vei}'’ little deviation of the mediastinum to the othei 
side, and the i eduction of the vital capacity of the noncollapsed lung is 



Fig 10 — Right sponlantous pneumothorax with considerable displacement 
of the mediastinum to the left side The vital capacity, at this time, was 800 c c 
Aftet aspiration of 1,000 c c of an fiom the pleural cavity, the inspiratory intra- 
pleural pressure still lemained slightly positive, hut the mediastinum was 
moved toward the median line and the vital capacity increased to 1,200 c c 

negligible The lelations of the amount of air mtioduced with each 
insufflation to the amount of an cm tailed of the vital capacity will then 
depend only on the tieatcd lung, and will show all the modifications of 
the vital capacity, as explained befoic Howevei, when the expiratory 
mtiapleuial piessuie leaches about zeio, m the piesence of a very labile 
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mediastinum, then the vital capacity Avill be diminished to the same 
amount of air introduced into the pleural cavity, because the other lung 
also IS then being encroached on by the displaced mediastinum 

Though the mediastinum is one of the mam factors affecting the vital 
capacity of the contralateial lung, the compensatory ability of the heart 
and the development of vicaiious emphysema aie the detei mining factors 
in this lespect 

INFLUENCE OF HEMODYNAMICS ON VITAL CAPACITY OF 
COLLAPSED AND NONCOLLAPSED LUNG 

The intei dependence of the circulatory and the respiiatory systems 
IS so intimate that any change occmnng in one of them is invariably fol- 
lowed b} certain changes in the other one Thus, in case of heart failuie, 
the lung is first to suffei from a venous stasis, and, when an obstruction 
occurs m the pulmonaiy circulation, the heart is first to lespond to it by 
a dilatation or hypei trophy of its light ventricle 

The resistance of pulmonary circulation is governed a gieat deal by 
the degiee of lung expansion, both hyperdistention and compression of 
the alveoli interfeie with the circulation of the blood in the pulmonaiy 
cdpillaiies Hypei trophic emphysema fuimshes a good illustiation of 
impaired pulmonaiy circulation because of overdistention of the alveoli 
the walls of which become thinned out piessing on the capillaiies and 
impeding the blood flow therein, which impediment leads to a dilatation 
and h3peitiophy of the light side of the heart As an example of inter- 
feience with the pulmonary circulation because of compiession of the 
alveoli could be cited pleural effusion oi pneumothorax 

The degiee of inteifeience with the circulation m the collapsed lung 
runs paiallel with the amount of compiession to which the alveoli are 
subjected, and accordingly the pulmonaiy circulation is disturbed much 
more in compiession pneumothorax than in expansile pneumothorax 
So long as the blood vessels of the collapsed lung are still patent the 
blood continues to flow thiough them, though their tension is very high, 
but when they become entirely obliteiated, the blood stieam must, of 
com se, be divei ted to other channels oi blood vessels But, in order not 
to disturb the equilibrium maintained between the systemic and pulmon- 
ar}^ circulations the heart has to increase its action and propel the same 
amount of blood in the same unit of time through the reduced capillary 
surface If the reseive power of the heart is not damaged, it compen- 
sates well and inci eases its action, which leads to a dilatation and h} per- 
trophy of the right a entncle or the entire heart, but if the cardiac muscles 
have been damaged by the long and peisistent tuberculous toxemia it 
fails to compensate and stasis takes place in the pulmonaiy circulation 
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Undeihill,'^ m expei imenting with ligating one of the pulmonary 
vessels in animals, found an increase in the blood pressure of the carotid, 
and he inteipiets this use in the systemic blood pressure as a compensa- 
tion of the heait because of deficient oxygenation But, if the animal 
was fatigued and exhausted, a fall in the caiotid blood pressure was 
noticed on ligation of the pulmonary vessels, which meant that the heait 
was unequal to the strain put on it, and could not send out the same 
quantity of blood in a given time thiough one lung only 

The same phenomena we noticed in our patients tieated with aitificial 
pneumothoiax , some of them showed an inciease in the systemic blood 
piessure after deflation of one lung, and some of them showed a deciease 
in blood pressuie Those who showed a highei blood pressure after the 
induction of pneumothoiax exhibited also an enlargement of the diame- 
teis of the heait, seen distinctly on the i oentgenograms Such patients, 
as a lule, had only a slight diminution in then vital capacity and, even 
if the deciease was maiked aftei the first few insufflations, it lecupeiated 
giadually and peisistently But those patients who showed a lower blood 
piessuie after pneumothoiax exhibited either no change in the size of 
the heait or it became even smaller, and their vital capacity fell gieatly 
after fiist insufflations and seldom returned to its foimei volume 

Rubow ° found a deciease of the vital capacity in all caidiac cases, 
and one of the mam causes, he thinks, is that the lung tissue is lendered 
rigid and inelastic by the capillary vasculai tuigescence, and dilatation 
and coiiti action of the lung aie thus inteifered with Another reason 
given is the protrusion of the distended capillaries into the alveoli which 
deci eases their volume of air The same is probably true of the lung 
tissue and the capillaries, in cases tieated with aitificial pneumothorax 
for the first few days But, if the heart compensates well and a vicaii- 
ous emphysema develops, not only m the conti alatei al lung but in the 
functioning portion of the collapsed lung as well, the respiiatory capacity 
reestablishes gradually, whereas, if the exhausted heait fails to compen- 
sate against the increased i esistance in the pulmonary circulation, a stasis 
ensues, and a marked fall in the vital capacity remains permanent 

It IS obvi'ous that the degree of compensation demanded of the heart 
IS directly piopoitional to the amount of compiession of the lung, hence 
m those patients whose hearts become anemic and exhausted by the 
chronic tuberculous toxemia, the deflation of the lung should be done 
very giadually and with small amounts Periodic spiiometiy is of great 
help m such a case, if the vital capacity falls too lapidly after the fiist 

4 Underhill, S W An Investigation into the Circulation of the Lungs, 
Brit M J 11 779 (Nov 12) 1921 

5 Rubow, V In Kardiale Dyspnea, Ergebn d inn Med u Kinderh 
111 92, 1909 
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insufflations, the quantity of gas introduced with the subsequent refills 
should be diminished , otherwise, marked dyspnea may ensue 

WHAT IS THE RELATION OF THE ALTERED VITAL CAPACITY 
AND THE MODIFIED FUNCTION OF THE LUNGS 
TO DYSPNEA ^ 

A clear distinction between hyperpnea and dyspnea should always be 
borne in mind As long as the lungs respond easily and without undue 
exertion to any urgency for an augmented ventilation, there is merely a 
hyperpnea, but if the lungs fail to cope with the increased demand for 
an excessive ventilation, then dyspnea occurs 

Whenever the tidal air becomes insufficient to satisfy the require- 
ments for oxygenation, the complemental air is called on by increasing 
the depth of inspiration Peabody® attiibutes the dyspnea of patients 
with weak or damaged hearts to their inability to increase their inspira- 
tion whenever necessary The same applies to the dyspnea provoked by 
any diminution of the respiiatory surface due to diseases of the pul- 
monary parenchyma, the degrees of which are determined chiefly by the 
extent to which pulmonary ventilation is crippled and the depth of the 
inspiration inhibited One would therefore expect a marked dvspnea 
m artificial pneumothorax cases, in which the respiratory suiface is 
always diminished a great deal Such, however, was not the case We 
were amazed to notice that tuberculous patients with a vital capacity of 
1,200 cc were very dyspneic and could hardly take a few steps without 
stopping “for air,” whereas pneumothorax patients whose vital capacity 
was the same or even lower were fairly comfortable, and were up and 
about without showing any signs of respiratory distress Paradoxic as 
It may seem, this is probably due to the greater respiratory efficiency of 
the expansile pneumothorax lung 

Howell states that the new-born child has practically no reserve 
supply of an in the lungs , at each expiration, the lungs are entirely 
emptied (except for the minimal air) The ventilation of the lung alve- 
oli is correspondingly more perfect than in older persons The smaller 
the residual air, the better is the ventilation of the lungs It follows, 
therefore, that in moderately collapsed, not compressed lungs, i e , in a 
pneumothorax of the expansile type, the ventilation is better than in 
physiologically functioning lungs, since, as was indicated previously, the 
residual air is greatly diminished and all the air coming in with the 
inspiratory movement goes out with each expiration (except the minimal 
air) and is entirely renewed This quantity of air, even if it amounts 
only to 200 or 300 c c , is of great value in preventing dyspnea, 

6 Peabody, F W , and Wenworth, J A Clinical Studies of the Respira- 
tion, Arch Int Med 20 442 (Sept ) 1917 

7 Howell, W H Textbook of Physiology, Philadelphia, W B Saunders 
Company, 1918, p 654 
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because the physiologic tidal air, i e , the new an breathed m at each 
ordinaiy inspnatioii amounts to only 500 cc , but, as the “dead space” 
occupies about 150 c c , it follows that the ventilation of the lung in nor- 
mal respiiation is only 350 c c At each inspiration, theiefoie, only 350 
c c of air penetiates into the alveoli , and, since the reserve supply of the 
lung may amount to 2,600 cc (supplemental air 1,600 cc and residual 
air 1,000 cc ), It follows that the “ventilation volume” of the alveoli is 
only ^^%,coo> oi about one-seventh But, in expansile pneumothorax, in 
which all the surface is i educed and the reserve supply is diminished, the 
“ventilation volume” of each alveolus is much more eflfective Another 
1 eason for a bettei ventilation in the expansile pneumothorax lung is the 
greater volume of blood that runs during the same unit of time through 
the collapsed lung, le, the same amount of blood flows thiough a 
1 educed area, as was discussed previously This acceleration of blood 
flow thiough the pulmonary capillaries brings about a moie lapid absoip- 
tion of carbon dioxid from the alveoli, which in turn provokes a more 
rapid diffusion of the new air breathed m at each inspiration and, hence 
a more effective oxygenation 

Of course, in cases of completely compressed lungs, there can be no 
question of tidal air and reserve air, because such lungs take almost no 
pait in the process of ventilation Patients treated with compression 
pneumothorax become very dyspneic and remain so for a long time, 
unless the other lung compensates well and adapts itself to its new task 
of performing an almost doubled respiratory function This vicarious 
adjustment of the contialateral lung commensurates with the compensa- 
tory capacity of the heart, particularly of the right ventricle, which has 
to propel the blood against an increased resistance , if the cardiac muscle 
has been damaged by the long continued tuberculous toxemia and its 
reserve powei has been weakened, venous stasis of the lung usually 
ensues, which entails poor oxygenation and consequently is attended by 
greater dyspnea 

The relation of dyspnea to the diminution of the vital capacity in 
expansile pneumothorax and in compression pneumothorax is illustrated 
in the following two cases 

One patient was given pneumothorax because of a protracted febrile course, 
unaffected by sanatorium treatment, and the other one, on account of frequently 
repeated and copious hemoptysis The first patient was given small amounts 
of gas, and his intrapleural pressure was kept negative all the time, the vital 
capacity was reduced 10 per cent the first day, and it was never decreased to 
more than four-fifths of what it was before the initiation of pneumothorax He 
was dyspneic only the first few hours after induction of pneumothorax, but the 
next day came to the operating room without exertion, and none of the subse- 
quent reinsufflations were attended by dyspnea The other case was given 
large amounts of gas and a positive intrapleural pressure was created in order 
to afford an effective ligation of the bleeding blood vessels, his vital capacity 
was reduced about 45 per cent , he could hardly take a few steps without 
support, and remained dyspneic for a long period of time 
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CLINICAL AND PROGNOSTIC SIGNIFICANCE OF PERIODIC 
SPIROMETRY IN PNEUMOTHORAX THERAPY 

A variable senes of vital capacity changes are observed, during the 
long course of artificial pneumothorax, in accordance with the manifold 
pathologic and functional modifications that necessarily take place 
throughout the evolution of the collapse theiapy These spiiometric 
readings, if studied carefully and intei preted properly in conjunction 
with the physical signs and roentgenologic findings, affoid a great deal 
of information as to the status of the collapsed and contralateral lungs, 
particularly of their respiratoiy capacity and functional lecuperation 
Indeed, whereas the symptomatolog)'^ is indicative moie or less of the 
activity of the lesion, and the roentgenography betrays the anatomic- 
pathologic changes of the lung, spirometry is the only means by which 
we measure the recuperation and compensation of the physiologic func- 
tion of the lung, and is of great help in prognosticating the success or 
failuie of the therapy 

Aftei the initial injection of gas into the pleural cavit}, there is 
always a fall in the vital capacity corresponding to or exceeding the 
amount of air introduced, this being due not only to the actual reduction 
of the respiratory surface, but also to the alteied intrathoracic pressuies 
to which the circulatory and the respiiatory systems are trying to adjust 
themselves, bringing the hemodynamics and the pneumodynamics to a 
new equilibrium The decreased ventilation of the lungs and the deoxy- 
genation is made up for by the tachypnea which is marked the first few 
houis after the initiation of pneumothorax The rate of bieathmg, how- 
ever, soon resumes its former limit and the vital capacity increases 
slightly though it still remains below what it was prior to the initiation 
of the treatment But, if the initial pneumothorax entails a decrease of 
more than 15 per cent of the respiratory capacity, dyspnea ensues, and 
the patient feels very uncomfortable The initiatory amount of gas 
introduced into the pleural cavity should therefore nevei be greater 
than one-sixth of the vital capacity of the patient, the smaller the 
quantity the less the disturbance in the lespiratory and circulatory sys- 
tem If the vital capacity, for instance, is 3,000 c c , about 400 c c of air 
is to be given at the initial pneumothorax , if the vital capacity is only 
2,000 c c , not more than 300 c c of air is advisable for the first injection 
The few, immediate subsequent insufflations should also be commensu- 
rate, in the same way, with the vital capacity of the patient 

In rare cases, the vital capacity increases after induction of pneumo- 
thorax, if the amount of gas injected was small These are patients who 
had severe pleuritic pains, inhibiting any attempt at deep breathing , but, 
now that a thin layer of air separates the visceral from the parietal pleura 
the deepest inspiratory movement can be accomplished, provided the 
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heait IS 111 good condition and there is no great alteration in the intra- 
thoiacic equilibrium In other cases, there occurs no change at all in 
the vital capacity after induction of pneumothorax These are patients 
with marked pleural synechiae, leading to the formation of a small 
localized pneumothorax, leaving the rest of the lung unaffected The 
vital capacity of such cases shows no further modification incidental to 
the pneumothorax, and, as a rule, these cases benefit very little by the 
treatment 

The immediate reinsufflations, which are spaced at intervals of two 
or three days, cause a further diminution of the vital capacity, which 
IS very gradual and persistent Should a sudden drop occur in the vital 
capacity during this time, a careful examination of all the factors affect- 
ing It IS to be made, physically and roentgenoscopically, and the subse- 
quent 1 efills will be modified accordingly A spontaneous pneumothorax 
might develop and, with the exception of a transient dyspnea, cause no 
symptoms at all if a rigid mediastinum that holds off the pressure from 
the contralateral lung exists, and the heart has, by this time, compensated 
sufficiently to be able to propel the blood against the increased resistance 
But the vital capacity is gieatly i educed, and dyspnea, on exertion, is 
inevitable No i efills should be made into such a pneumothoracic cavity, 
as it may lead to a complete compression of the lung and consequently to 
a permanent decrease of the respiiatory capacity, but the patient should 
be made to blow the spirometer every day in older to achieve an expan- 
sion o'f the nondiseased alveoli and return to the former vital capacity 
If the spontaneous pneumothoiax is distressing, air should be aspirated 
from the pleural cavity until negative intrathoracic piessure is reached, 
which allows the lung to dilate with each inspiratory movement, and, 
of course, the vital capacity is at once elevated 

When no complications occur and the deflation of the lung is gradu- 
ated slowly and S)rsteniatically, then the functional modifications of the 
respiiatoiy capacity are very characteristic, as studied by the “prein- 
sufflatory” and “postmsufflatory” spiiometnc readings 

A steady step by step decline of the vital capacity is noticed with each 
insufflation, the cumulative effect of which results in a marked curtail- 
ment of the respiiatory capacity, but with no distiess to the patient, who 
has little by little adjusted himself to this gradually modified ventilation 
of the lung However, a limit is reached which may be looked on as the 
tinning point in the evolution of the collapse theiapy when the vital 
capacity beings to ascend giadually or remains stationary for a time and 
then increases veiy slowly but persistently This tiansitory point of the 
vital capacity, in the long course of aitificial pneumothorax, is of great 
value in prognosticating the ultimate result of the therapy, provided no 
complications set in It varies with each case in time and amount, it 
may take place at any time during the course of the treatment and at 



116 


ARCHIVES OF INTERNAL MEDICINE 


any level below the physiologic vital capacity for that person If it 
occurs between the first and fourth month after the initiation of the treat- 
ment and if the vital capacity at that period is not below 70 per cent of 
the physiologic vital capacity for that person, the prognosis is very good 
Even when the vital capacity is below 70 per cent but remains stationary 
or increases gradually without marked fluctuations, the prognosis is also 
favorable 

A stationary vital capacity, regardless of whether it is high or low, 
always signifies that the lesion became arrested or quiescent In a large 
group of cases not treated with artificial pneumothorax, we found that 
the same lesion, when it became active, was liable to reduce the vital 
capacity to about half its original amount, and therefore those who had 
a labile lesion exhibited marked fluctuations in their serial spirometric 
measurements, whereas those who had a quiescent lesion showed either 
an increasing or a persistently stationary vital capacity Marked fluctua- 
tions in the vital capacity always meant an active lesion The same holds 
true in the cases treated with artificial pneumothorax When the vital 
capacity becomes stationary or begins to increase verj gradually but 
persistently, it indicates that the diseased areas have become compressed 
and quiescent, ceasing to discharge toxins into the system, that a com- 
plete equilibrium has been established in the respiratory system, and that 
not only the contralateral lung has developed compensatory emphysema, 
but also that the functioning portion of the homolateral lung is adjusting 
Itself to Its modified way of functioning and is able to develop a vicarious 
emphysema to expand and occupy the spaces of the hemithorax left 
empty by the contracted diseased parts of the lung It is this gradual 
but steady enlargement of the expansion that brings about the slowly 
progressive increase in the respiratory capacity, provided no com- 
plications arise 

Two phenomena are thus taking place simultaneously as far as the 
treated lung is concerned The diseased portion contracts and shrinks 
continually, while the umnvolved portion keeps on dilating progressively 
This should be borne clearly in mind whenever reinsufflations are made 
These inflations are not given with the purpose of “knocking the entire 
lung out of commission,” but to assist in keeping the diseased parts m 
their compressed and contracted position, allowing at the same time the 
umnvolved portions of the lung to expand and contract more or less 
freely with each respiratory movement The amount of air introduced 
now into the pleural cavity should never curtail more than half its own 
quantity of the vital capacity, and as we progress successfully m 
the course of the treatment, the curtailment should be diminished cor- 
respondingly, and the introduced volume of air should bring about a 
reduction in the vital capacity amounting to less than one-fourth its 
volume The reasons have been discussed fully in the previous chapters 
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Suffice it to mention here again that, all the other factors being equal, 
It depends wholly on the degree of expansion of the unmvolved portion 
of the lung , the greater the expansion, the more air is breathed during 
inspiration, and the more air can be expelled during expiration, con- 
sequently, the greater increase in the vital capacity Of course, this holds 
true only when moderate amounts of air are administered If, however, 
a large quantity of air is introduced, it encroaches also on the functioning 
tissue, and naturally a great reduction m the vital capacity ensues It is 
therefore advisable to inject always about the same amount at the same 
intervals of time, and note the difference between the preinsufflatory and 
the postinsufflatory vital capacity, which should become smaller as we 
advance in the treatment Each case should be studied roentgenoscopic- 
ally before and after every inflation, the expansile capacity of the undis- 
eased portion of the lung observed closely, frequent physical examinations 
of the chest made, all these findings corroborated with the serial spiro- 
metric readings, and the insufflations modified accordingly 

If fluid develops, the drop m the vital capacity may be very marked 
and sudden, both because of an actual reduction of the respiratory 
capacity and because of pyrexia, probable toxemia and increased stiain 
on the heart preventing the taking of a deep breath Fluid should never 
be left in the chest for a long time, as it is liable to cause a permanent 
injury to the expansion of the lung tissue It should be aspirated as soon 
as possible and replaced partially by air, which is managed much more 
easily, is absorbed more quickly, and allows the undiseased tissue to 
expand If not much injury has been done to the elastic quality of the 
tissue, it will show itself immediately after the aspiration of the fluid by 
an increase m the vital capacity The volume of air replaced should 
always be less than the amount of fluid aspirated The patient should 
blow the spirometer every day from three to five times, the gradual 
increase in the vital capacity should be noted, then treated as a usual case 
of expansile pneumothorax 

No untoward results come from frequent blowing of the spirometer, 
even during the first few weeks of the treatment, though, as a rule, we 
do not let patients blow more often than before and after each insuffla- 
tion But as soon as the patient becomes more or less symptomless, 
expectoration is brought to a minimum and all signs indicate that the 
lesion has become quiescent, we let the patient take the vital capacity very 
frequently, first, in order to have a serial record and, second, to enable 
the expansile portion to dilate moie and more This displaces the gas 
into spaces left by the compressed, diseased parts of the lung and thus 
compresses them more The expansile phenomenon is displayed in such 
cases most vividly If not interfered with by improper tieatment and 
complications, these functioning lobes reexpand finally to their full 
capacity, and, owing to the compensatory emphysema developed in them. 
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their functional recuperation is very maiked The vital capacity of such 
cases IS greater than what it was prior to the initiation of pneumothorax, 
and, in two of our cases, the vital capacity came up to more than a 
100 per cent of the calculated physiologic vital capacity for these patients 

It should be emphasized again that all serial spirometric changes 
described above accompany only cases treated with expansile pneumo- 
thorax, but if compression pneumothorax is instituted and maintained, 
no recuperation of the functional capacity can be expected We seldom 
treat with compression pneumothorax now, only, in case of severe 
hemoptysis, we create a highly positive intrapleural pressure in order to 
effect a better ligation of the bleeding blood vessels, but even in such 
cases we soon allow the expansibility of the undiseased portion to assert 
itself Of course, when fibrosis preponderates all over the lung, no 
reexpansion can be expected, and, once compressed, the lung will remain 
so forever, requiring lefills every now and then to prevent deformity of 
the chest The vital capacity of such patients is always at a very low 
level and can never be increased This might be used as the strongest 
argument in favor of initiating pneumothorax in early cases and not 
waiting till the patient and the lung have lost their recuperative ability 
At that time, pneumothorax can offer only ameliorative lesults, whereas, 
if it IS administered to patients in the first or in the second stage of 
pulmonary tuberculosis, complete anatomic and functional recovery can 
be expected 

In a later contribution on the results of artificial pneumothorax, there 
will be discussed fully the relation of age, sex, side of pneumothorax, 
and involvement of the contralateral lung to the anatomic and partic- 
ularly to the functional recovery Suffice it to mention here that we 
found that the recuperation of the functional ability of the lung and 
return to then physiologic vital capacity was more frequent in young 
persons than in old ones, owing, no doubt, to the better reserve power 
of their hearts and the more pronounced elastic quality of their lung 
tissues, enabling the development of a maiked compensatory emphysema 

The vital capacity percentage of the subject before the initiation of 
the pneumothorax also has a great bearing on the ultimate result of the 
treatment Those patients whose vital capacity is not much below their 
calculated physiologic normal do, as a rule, much bettei than those who 
have a low vital capacit) , and if the expansile pneumothorax is managed 
pioperly and graduated systematically, the pulmonary function recu- 
perates slowly but persistently, and the lungs may eventually attain their 
complete physiologic respiratory capacity 

SUMMARY AND CONCLUSIONS 

1 The vital capacity modifications during the course of artificial 
pneumothorax treatment are very characteristic, and caieful periodic 
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spirometry can theiefore afford a great deal of information about the 
respiratoiy recupeiation of the lungs and how to regulate the insufiflatory 
amounts, and can be used as an additional criterion in pi ognosticatmg 
the success or failure of the therapy 

2 There is no quantitative correspondence between the amount of 
air introduced into the pleural cavity and the reduction of the vital 
capacity, but the same quantity of air at various inflations brings about 
different results depending on the status of the othei factors modifying 
the vital capacity in pneumothorax, the most impoitant of which are 

(o) The residual air of the collapsed lung which, owing to the 
increased expiratory intrapleuial pressure created in the treated hemi- 
thorax, is expelled wnth each deep expiration and thus made to participate 
in the vital capacity 

(b) The newly established intrapleural piessures which antagonize 
each other as far as the vital capacity is concerned a high inspiratory 
pi essure entails a diminution in the complemental air, thus reducing the 
vital capacity, whereas a high expiratory pressure augments the supple- 
mental air, which means an increase in the vital capacity 

(c) The extent of the pathologic involvement and the functional 
ability of the tieated lung which depends on the elastic quality of the 
tissue, the greater the injuiy to the expansibihty of its elastic tissue, 
the greater and moie permanent is the decrease in the vital capacity 

{d) The mediastinum which, if rigid, has little effect on the vital 
capacity, but, if labile, encroaches on the contralateial lung when a high 
intiapleural pressuie exists and causes a diminution in the vital capacity 

(c) The heart, when weakened by the continuous tubeiculous 
toxemia, may fail to meet the demand foi additional work in propelling 
the same amount of blood against an inci eased resistance in the pul- 
monary circulation, venous stasis and turgescence of the lung blood 
vessels follow, leading to a diminution in the vital capacity The demand 
on the reserve power of the heart stands in diiect relation with the 
degree of deflation of the lung 

3 Patients with a low capacity who aie treated with pneumothoiax 
have much less dyspnea than othei tubei culous patients having the same 
low vital capacity, this being due to the lesidual air of the tieated lung 
which IS also breathed out and lenewed with each increased respiiatory 
movement, tendering the “ventilation volume” of each alveolus much 
moie effective If, howevei, the introduced an into the pleural cavity 
cm tails moie than one fifth of the vital capacity of the patient, dyspnea 
ensues 

4 There are three distinct phases m the vital capacity during the 
course of the treatment a giadual decrease, a stationary peiiod, and 
slowly piogressive increase If the initial decrease is sudden and marked, 
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in spite of the small amount of air injected at each insufflation, the prog- 
nosis IS not very favorable A stationary vital capacity, even at a low 
level, IS much better than high vital capacity showing marked fluctuations, 
which always signifies a labile lesion The earlier the starting point of 
increase in the spirometric readings is noticed and the higher the level of 
the vital capacity at which it starts, the better is the prognosis for a 
complete respiratory recuperation 

5 The difference between the preinsufflatory and the postinsuffiatory 
vital capacity corresponds to the amount of air introduced into the pleural 
cavity only at the commencement of the treatment, but, as we advance in 
the course of the treatment and the expansibility of the umnvolved 
portion of the lung begins to assert itself, the difference becomes smaller 
and may amount to less than one fourth of the quantity of air introduced, 
provided the inspiratory intrapleuial piessuie is left negative, allowing 
the functioning portion to dilate to its full capacity 

6 No larger amount than one sixth of the vital capacity of the 
patient should be administered at the initiation of the pneumothorax 
The amounts of the subsequent inflations should also commensurate in 
the same way with the vital capacity, but, in accordance with differences 
in the preinsufflatory and postinsufflatory spirometric readings, which 
are constantly changing throughout the course of the treatment 

7 Those who have a high vital capacity before the initiation of the 
treatment, as well as patients with anatomic lesions of the first or second 
stage, and particularly young people show a much better respirator)'- 
recuperation of the lung than other patients do, and, if properly man- 
aged and no complications set in, may attain their full physiologic vital 
capacity 

8 The long series of spirometric modifications as well as the com- 
plete recuperation of the respiratory capacity of the lung is observed 
only in cases treated with expansile pneumothorax, but in compression 
pneumothorax, in which the respiratory function of the treated lung is 
reduced to its minimum, the vital capacity diminution is very marked, 
and may remain permanently at its low lev'-el if fibiosis and atelectasis 
preponderate in the compressed lung, which is unable to reexpand A 
small localized pneumothorax, because of strong pleural adhesions, has 
hardly any effect on the vital capacity 

9 Fluid should be aspirated as soon as possible from the pleural 
cavity to avoid permanent reduction of the respiratory capacity, should 
be partially replaced by air, and the patient made to blow the spirometer 
a few times daily This effects a gradual reexpansion of the atelectatic 
lung and a progressively increasing vital capacity No untoward results 
have been noticed in any of the patients from frequent blowing of the 
spirometer 
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The experiments heiem reported were undertaken as a preliminaiy 
investigation of the problem of the possible efficacy of Dreyei’s tubercle 
antigen in the treatment of guinea-pigs infected with tuberculosis It 
was planned to continue the experiments on a larger scale, using a 
much greater number of animals inoculated with mateiial of varying 
glades of infectivity, and employing an adequate series of controls The 
result of this preliminary study was so discouraging, however, that it 
was not felt that the labor and expense of an elaborate investigation 
would be justified Dreyer’s paper attracted considerable attention and 
yet there has been a great paucity of either confirmatory or contradic- 
tory leports by other workers, because of this it was felt that our 
negative lesults should be recorded 

Dreyei,’- in 1923, asseited that, as a general rule, most of the fail- 
ures m vaccine therapy have been with the acid-fast and the gram-posi- 
tive organisms Since acid-fastness and gram-positiveness have been 
associated with the presence in the bacterium of certain waxy, fatty or 
lipoid substances, it would seem quite probable that the latter prevent 
the escape of the antigen from the organism and thus block the sole 
adequate stimulus for the immunity reaction Therefore, Dreyer 
devised a method for removing the lipoidal substance from the tubercle 
bacillus and rendering the organism nonacid-fast Tubercle bacilli 
grown on glycerin broth aie treated repeatedly with fornialdehyd and 
then extracted several tunes with acetone in a Soxhlet apparatus The 
insoluble residue is dried and ground, and the organisms are tested as 
to their acid-fastness If this quality persists, it is necessary to 
repeat the entiie procedure Often this must be done three or four 
times before the bacilli become nonacid-fast This method involves 
rough handling of the organisms, and it might be thought that their 

"’'From the department of internal medicine and the department of bac- 
teriology, Long Island College Hospital 

1 Dreyer, G Some New Principles in Bacterial Immunity , Their Experi- 
mental Foundation, and Their Application to the Treatment of Refractory 
Conditions, Brit J Exper Pathol 4 146 (June) 1923 
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chemical make-up is thereby seriously altered On subjecting Bacilhis 
typhosus to the same process, however, Dreyer found that this organ- 
ism was still able to cause the production of immune substances With 
the nonacid-fast tubercle bacilli produced by this process, termed 
“defatted” antigen or “diaplyte” antigen, Dreyer reported that he was 
enabled to produce specific piecipitins, agglutinins and complement 
fixing bodies in normal rabbits 

With a view to study the therapeutic effects of his defatted tubercle 
antigen on animals suffering from well defined tuberculosis, Dreyer 
treated four infected guinea-pigs, three of them being the sole survivors 
of a group of twent3^-five animals that had been inoculated with a strain 
of human tubercle bacilli that had caused death in the other twenty-two 
animals in from four to ten months It must be borne m mind that 
this procedure gave Dreyer the most resistant guinea-pigs in the lot, 
hence, the twenty-two animals that had died cannot be considered as 
controls The experiment was performed on selected animals that had 
alread} manifested a relative degree of resistance to tuberculosis, and 
there were no real controls 

At the time when tieatment was begun, all Dreyer’s animals showed 
well marked evidences of tuberculosis At the date of Dreyer’s report, 
the first guinea-pig, foity-eight weeks after infection and twenty weeks 
after treatment was begun was of normal weight for its age, and the 
inguinal glands were smaller and haider than they had been The 
second animal, whose date of infection was not lecorded, appeared 
healthy sixteen weeks after commencement of treatment, and the inguinal 
glands had disappeared The third gumea-pig, fifty-five weeks after 
inoculation and sixteen weeks after treatment was begun, appeared 
improved, but was underweight and suffeied fiom a diarrhea The 
fourth animal, fifty weeks aftei infection and eleven weeks after tieat- 
ment was begun, gave birth to young and died a few days later At 
necropsy, there was a generalized tuberculosis, but all the lesions showed 
abundant fibrosis, with the presence of giant cells and an absence of 
the l)mphocytic reaction seen in active tubeiculosis Dreyer believed 
that the histologic picture Avas such as to indicate a tendency to heal 
From these experiments, he concluded that treatment with diapl>te 
antigen brings about a definite impiovement, both general and local, 
in animals infected Avith B tiihei culosis 

As demonstrated by Baldwin and Gai dnei ~ it is necessary to obsei v e 
guinea-pigs infected with tuberculosis over long periods of time befoie 
passing judgment as to ultimate lecovei 3 Often a very sleek, well noui- 
ished animal appears to have recovered after from six to eight months, 

2 Baldwin, E R , and Gardner, L U Reinfection in Tuberculosis 
Experimental Arrested Tuberculosis and Subsequent Infections, Am Rev 
Tuberc 5 429 (Aug) 1921 
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only to emaciate giadually, lose his periienal fat, develop dyspnea fioni 
giadual consolidation of the lungs, and finally die from the disease 
or some complication Some of oiii animals died suddenly, while fat, 
fiom hemoirhage due to eiosion of a laige vessel by tubeicles 

Kiause,^ in 1919, lepoited expeiiments with a strain of tubeicle 
bacillus, long cultivated undei aitificial conditions, which was so avirulent 
that guinea-pigs successfully overcame infection by inhalation of it 
Such an organism produced a caseous leaction, but, instead of spieading 
from the initial foci, the process slowly underwent retrogi essive changes 
and, m some instances, finally completely disappeaied Dreyei’s guinea- 
pigs weie infected with an oiganism of slight viiulence, which had not 
passed thiough an animal for fifteen years 

So far as the authois have been able to asceitain, theie have thus 
fai been lepoited no experiments i elating to the treatment of tubei- 
culous guinea-pigs with Dieyei’s antigen, with the exception of Kettle's ■* 
observations and Caulfield’s ^ recent aiticle Kettle, in Ins expeiiments 
on guinea-pigs, was unable to demonstiate any cuiative action of 
Dieyei’s antigen In fact, theie was much evidence to suggest that 
the antigen had an adveise action on the gumea-pig tieated with it, 
even in compaiison with bacillaiy emulsion 

Caulfield treated six tuberculous guinea-pigs with weekly injections 
of 0 5 c c (01 mg of dried bacilli) of Dieyei’s antigen and gave four 
additional animals both prophylactic and theiapeutic injections There 
were four controls All fourteen animals died of geneiahzed tuber- 
culosis The average length of life m the contiols was ten and a half 
weeks , in the treated guinea-pigs, ten weeks , in the animals i eceiving 
both prophylaxis and treatment, thnteen and seven-tenths weeks 

authors’ experiment 

The antigen used by us, in this experiment, was piepaied stnctlv 
in accordance with Dreyei’s technic from the Board of Health Strain 
305 of human tubercle bacilli, giown on glyceiin bioth This was 
known to be an organism of medium virulence We were able to 
verify the fact that the process described by Dieyer renders tubercle 
bacilli nonacid-fast, although it was necessary to subject the oiganisms 
four times to foimaldehyd action and acetone exti action in older to 
bung about this lesult 

3 Krause, A K Studies on Tuberculous Infection, I, A Note on Experi- 
mental Tracheobronchial Node Tuberculosis Together with a Brief Con- 
sideration of Several Phases of Tuberculous Infection Suggested Therebj, 
Am Rev Tuberc 3 1 (March) 1919 

4 Kettle, E H The Criteria of Cure m Tuberculosis of the Gumea-Pig, 
with Special Reference to Diaplyte Antigens, Lancet 1 68 (Jan 12) 1924 

5 Caulfield, A H W A Preliminary Report on the Clinical and Experi- 
mental Use of Dreyer’s Tuberculoantigen, Canad M A J 14 616 (July) 1924 
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Our initial dosage was only one-fourth that employed by Dreyer, 
that IS we used 0 025 mg of dried tubercle bacilli instead of 0 1 mg 
Later in the experiment, however, we ran the dosage up to the 0 2 mg 
employed by Dreyer Moreover, vaccine treatment was begun much 
earlier in the course of the disease, usually before the appearance of 
glandular enlargement, in nine of the guinea-pigs, from one to three 
vaccine injections were made before infection The smaller dosage 
was used with the idea that the antigen might prove to be toxic to the 
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All the guinea pigs, both treated and controls, died of generalized tuberculosis The initial 
dosage was 0 025 mg , the maximum dosage, 0 2 mg (in terms of mass of dned tubercle bacilli) 
* Glandular enlargement appeared before antigen treatment was started In the three 
treated animals, adenopathy appeared earlier than m the five controls 

animals, and that it would be to their advantage to start early with 
small amounts, which would be gradually increased This procedure 
seemed justified by subsequent developments, m that there was earlier 
adenopathy in the treated animals and a more rapid loss of weight in the 
guinea-pigs receiving full doses 

The vaccine was injected into the subcutaneous tissue of the abdomen 
Injections were made weekly, on several occasions, two weeks were 
allowed to elapse Two doses each of 0 025 mg , then five doses of 
0 05 mg , then six doses of 0 1 mg , then three doses of 0 2 mg were 
given The remaining doses were of 0 1 mg 



FEINBLATT-BGGERTH— TUBERCLE ANTIGEN 125 

The salient features of the expeiiment are indicated in the accom- 
panying table Twenty-five guinea-pigs, weighing between 280 and 400 
gin , weie inoculated with living tubeicle bacilli, of which group twenty- 
one weie tieated with the antigen, four serving as controls In nine 
instances, vaccination was begun before the animals were inoculated 
The animals of Group 1, comprising six treated guinea-pigs and two 
controls, were inoculated subcutaneously m the right thigh with 0 1 mg 
of Board of Health Strain 305 of human tubercle bacilli Those of 
Group 2, compiismg ten treated animals and one control, were infected 
with 0 01 mg of a strain of human tubercle bacilli cultured by us from 
a patient with active pulmonary tubeiculosis The animals of Group 3, 
comprising five treated guinea-pigs and one contiol, weie inoculated 
with 0 01 mg of a culture of viiulent bovine tubercle bacilli The 
animals weie weighed at frequent inteivals, but as their weight cuives 
do not add much of inteiest, we have dropped such data fiom the tabu- 
lation We found, as did Dreyer, that the laiger doses of vaccine 
(0 2 mg ) often caused rapid loss of weight from which the animal 
would lecover if treatment was suspended foi a couple of weeks 

All the twenty-five animals employed in this expeiiment died with 
postmortem evidences of generalized tubeiculosis, and theie was no 
apparent difference in the couise of the disease between the treated 
animals and the controls As a matter of fact, two conditions observed 
would indicate that the antigen is in itself either toxic or sensitizing (1 ) 
There was a tendency for eailier glandulai enlargement in the treated 
guinea-pigs, and (2) cessation of vaccine treatment in emaciated animals 
would often be followed by consideiable gains in weight By lefeiring 
to Group 1 of the table, it will be noted that in the three starred animals 
glandular enlargement appeared before vaccine treatment was begun 
If we take these three animals, together with the two which at no time 
received treatment, as controls, it will be observed that adenopathy 
appeared earlier in the vaccinated than in the untreated animals 

CONCLUSION 

A study of the course of the disease in a group of twenty-five guinea- 
pigs experimentally infected with tuberculosis, of which group twelve 
received therapeutic vaccination with Dreyer’s tubercle antigen and nine 
both prophylactic and therapeutic vaccination, four animals serving as 
controls, failed to adduce any evidence that this antigen protects guinea- 
pigs against tuberculosis, prolongs life, or in any way favorably influ- 
ences the course of the disease 
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INULIN AND ARTICHOKES IN THE TREATMENT 

OF DIABETES =* 

HOWARD F ROOT, MD and MARION L BAKER 

BOSTON 

INTRODUCTION 

The use of Jeiusalem artichokes, the edible vegetable in which iiiuhn 
IS most commonly found, in the diabetic diet has interested stu- 
dents of the disease ever since Kulz ^ and Bouchardat - recommended it 
Kulz and Bouchaidat believed that inulin was utilized better than starch, 
but von Nooiden® stated that this would not hold true with the seveie 
cases in the same degree as with the mild ones Sandmeyei Persia 
Lewis ® and Goudberg ' noted that inulin, when fed by mouth, appealed 
either not at all or in small amounts in the stools m the normal man 
Sandmeyer, howevei, recovered in the stools moie than half the inulin 
given to a dog, whose panel eas had been removed Goudbeig, who 
reviewed the subject exhaustive!}’’, gave fiom 100 to 200 gm of inuhn 
to diabetic subjects, and observed a pionounced rise in the respiratory 
quotient and in the metabolism, peisisting foi from six to ten houis after- 
ward in some cases He therefoie concluded that it was well utilized 
Offenbacher and Ehassow ® and Dumont ° also found inuhn in the form 
of artichokes useful in the diabetic diet Mendel, howevei , was unable 
to find any ferment or enzymes in the body which would hydrolyze the 
inuhn, and therefore held that the good results of inuhn feeding weie 

’■ From the Diabetic Clinic of the New England Deaconess Hospital 
This paper is No 46 of a series of studies in metabolism from the Harvard 
Medical School and allied hospitals The expenses of this investigation haie been 
defrayed in part by a grant from the Proctor Fund of the Harvard Medical School 
for the Study of Chronic Diseases 

1 Kulz Beitr z Path u Therap der Diabetes, Jahrb Tierchem 4 448, 

1874 

2 Bouchardat, quoted by von Noorden, m Von Leyden’s Handbuch des 
Ernahrungs Therapie 2 227, 1904 

3 Von Noorden (Footnote 2) 

4 Sandmeyer, W Ztschr f Biol 31 32, 1895 

5 Persia Nuova Rivista Clin Therapeut 8, 1905, Jahrb Tierchem 25 822, 

1905 

6 Lewis, H B The Value of Inuhn as a Foodstuff, J A M A 58 1176 
(April 20) 1912 

7 Goudberg Ztschr f exper Path u Therap 13 310, 1913 

8 Offenbacher, R , and Ehassow, W Munchen med Wchnschr 69 1508 
(Oct 27) 1922 

9 Dumont Bull Acad de med 87 721 (June 27) 1922 

10 Mendel, L B Zentralbl f d ges Physiol u Path d Stoffweehs 3 
641, 1908 
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due to Its nonabsoiptioii Lewis, “ Chittenden/" Bieii> 

recognized that h}diolysis of inulin bj'- the hydiochloiic acid of the 
stomach would libeiate some levulose Neubauei found no inciease 
in the excietion of levulose in a case of levulosuiia aftei the giving of 
mulm, and Lewis and Frankel "" obtained no inciease in gl}COsuiia in 
phloridzinized animals aftei inuIin feeding The lecent studies of 
Okey have thiown new light on the behavioi of inuliii, as she has 
shown that not only is inulin hydiolyzed by the hydiochloiic acid of the 
stomach but also that an inulase may be isolated from the feces of 
noimal subjects The natuie and souice of this inulase is not explained 
It may be of bacteiial oiigm, such as occurs in Pemcillutm glaucum and 
Aspci gillus iiige) The lattei has been studied by Giafe and Vouk 
Gieen/’’ Bouiquelot and Dean ha\e found inulase in vaiious plants 
Gieen states that the enzyme inulase occuis only m the germinating 
tuber In the lesting tubei, the enz3une occuis as a zymogen fiom 
which It may be leleased by the action of “waimth” oi undei condi- 
tions of mild acidity The enzyme hydiolyzes inulin veiy slowly, some 
of his experiments extending ovei a peiiod of six days It is com- 
pletely destioyed by boiling and by the action of 0 21 pei cent hydio- 
chloiic acid at 40 C 

The chemical natuie of inulin has been the subject of many imesti- 
gations Dean and Willaman legaid mulm as a mixture of anhy- 
diids of levulose of vaiying sized molecules In aitichoke tubei s, a senes 
of mulm-hke substances (such as muloids and mulids), diffeient m 
solubilities but all anliydnds of levulose, is found, some of which ma} 
be moie easily hydiol 3 fzed than otheis Tiue mulm is defined b 3 ’’ Dean 
as the caibohydiate mixtuie piecipitated m cold alcohol of 60 pei 
cent and with a specific lotation of [a] d = — 30° to — 40° Cohn -- 
has studied the occuiience of mulm m the tubei of the Jeiusalem aiti- 
choke, and finds that the leaves elaboiate i educing sugais which aie 
condensed m the stem to mulm and stoied m the tubei s Duimg the 
winter months, mulm is conveited back into i educing sugais and mtei- 
mediate pioducts aie foimed which aie moie and moie readili 
h 3 diolized as this tiansfoimation pioceeds Thus, m the Jeiusalem ai ti- 
ll Chittenden, R H Am J Physiol 2 17, 1898 

12 Bieriy, H Compt lend Acad d sc 150 116, 1910, Compt rend Soc 
de biol 59 256, 1905, Biochem Ztschr M 402, 1912 

13 Neubauer Munchen ined Wchnschr , 1905, p 1525 

14 Lewis and Frankel J Biol Chem 17 365, 1914 

15 Okev, R J Biol Chem 38 33 (May) 1919, ibid 39 149, 1919 

16 Grafe and Vouk, V Ztschi Garungsphysiol 3 327, 1913 

17 Green Ann Botany 1 223, 1888 

18 Bourquelot Compt rend Soc de biol 116 1143, 1893 

19 Dean Botany Gaz 25 69, 1903 

20 Dean, A L Am Chem J 32 69, 1904 

21 Willainan, J J J Biol Chem 51 275 (March) 1922 

22 Cohn, H Bull Ass Chim Suer Dis 37 121, 1919 
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chokes, one may expect that a slight decrease in the amount of levulose 
derived from inuhn would occur during storage m the winter Dr J S 
Caldwell has suggested that these changes may not occur so readily in 
artichokes stored under conditions such as to prevent freezing as when 
they are stored underground Table 1 gives analyses of Jerusalem 
artichokes sampled at intervals for nearly three months The change in 
sugars other than levulose was, however, very slight, as the table shows 
The figures for sugars are those found after hydrolysis of the inuhn 
Shohl also has recently analyzed Jerusalem artichokes finding 
15 per cent carbohydrate content He found the vitamin water-soluble 
B present in scant amounts Desgrez, Bierry and Rathery have recom- 
mended the administration of this vitamin with levulose 


Table 1 — Summary of Analyses of Aihchokes from River Ridge Faun, 

Fiankhn, Pa 



Date Received 

Levulose 

^ov 

y, 192S 

13 4 

IvOV 

17, 1923 

11 7 

Nov 

27, 1923 

U 8 

Dec 

3, 1923 

12 0 

Dec 

29 1923 

12 3 

Jan 

7, 1924 

11 2 

Jan 

17 1924 

10 0 

Jan 

2S 1924 

11 5 

Jan 

31, 1924 

10 4 


Tota, 

Total 

Glucose 

Ratio Of 

Solids in 

Reducing 

by 

Levulose to 

Juice 

Sugars 

lodin 

Total Sugar 


17 2 

4 5 

0 778 

18 0 

14 " 

36 

0 790 

ISO 

13 4 

4 5 

0 818 

20 0 

15 7 

4 0 

0 794 

17 6 

IS 3 

30 

0 844 

18 4 

14 4 


0 732 

18 9 

ISO 

14 7 


0 782 


* TBe analyse® Tvere imde at the Bureau of Standards, Department of Commerce, Wash 
ington, D C , and ttere furnished us by Joseph C Siblej trith the permission of F A Bran, 
acting director, and George K Burgeis, director 


OBJECTS AND METHODS OT THE INVESTIGATION 

Results of previous studies have not agreed as to the food value of 
inuhn Failure to recover inuhn in the stools, the well known hydro- 
lysis of inuhn by dilute hydrochloric acid and the increase in the res- 
piratory quotient after inuhn feeding reported by one observer have 
been ofifset by the absence of a demonstrable inulase in the digestive 
jUices The question of the usefulness of artichokes in the diabetic 
diet IS a subject requiring study from many angles and is not to be 
answ^ered by experiments with a single type of muhn extracted from 
plants, although such experiments may be expected to give helpful 
information One must bear in mind (1) the possible hydrolysis of 
inuhn in the stomach and in the intestine, (2) the possible occurrence 
in the artichoke of anhjdrids of levulose intermediate between “inuhn” 
and le\ulose, and of levulose itself, (3) the existence of an inulase in 

23 Shohl, AT J Am Chem Soc 45 2754, 1923 

24 Desgrez, Bierr\ and Rathery Bull Acad de med 88 167 (Oct 31) 1922 
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artichokes, (4) the occurrence of small amounts of glucose and suciose, 
and (5) the various effects produced by different types of cooking 
Our studies have been both clinical and experimental They were 
inspiied by the woik described above, the investigations on levulose at 
the Nutrition Laboiatory of the Carnegie Institution and in this clinic, 
and by the beneficial effects observed with artichokes in our own patients 
Clinically, we have used Jerusalem artichokes, inulin and levulose, by 
adding these foods to the diet, by substituting them foi other carbo- 
hydiate foods in the diet and by replacing inulin with artichokes We 
have relied on changes in the respiratory quotient and heat production 
as the chief evidence of absorption and utilization of carbohydrate 
ingested Metabolism experiments have been earned on by giving the 
patients in the fasting state varying amounts of artichokes, inulin or 
levulose and observing changes m the respiratory metabolism, blood 
and mine during the following six houis The Tissot appaiatus with 
modified Haldane gas analysis apparatus was used The figures lecoided 
for the respiratory quotient and the heat production represent averages 
for thiee consecutive periods of ten minutes The inulin employed was 
prepared from dahlia tubers and provided through the courtesy of Dr 
J S Caldwell of the United States Department of Agriculture, Wash- 
ington, D C It contained 2 5 per cent reducing sugar, which was 
almost entirely levulose The aitichokes, helianthus tuberosus albus, 
were obtained through the courtesy of Joseph C Sibley of River Ridge 
Farm, Franklin, Pa 

EFFECT OF A SINGLE PORTION OF ARTICHOKES ON SIX 

DIABETIC PATIENTS 

The changes in metabolism in six diabetic patients who received 
baked Jerusalem artichokes in the postabsorptive state are shown in 
Table 2 All were moderately severe cases undei treatment 
with insulin This was omitted sixteen hours before and during the 
test On the day of the experiment, a preliminary basal metabolism of 
three ten minute periods was used The artichokes were fleshly baked 
in their skins and served waim with a little salt and 200 c c of Kaffee 
Hag flavoied with saccharin Benedict and Benedict^® showed that 
caffem-free coffee given in this manner did not affect the metabolism 
It was intended to give 1 5 gm of carbohydrate per kilogram of body 
weight, but variations in the patients’ appetites made it possible to try 
doses of varying amounts 

25 Josbn, E P Diabetic Metabolism with High and Low Diets, Carnegie 
Inst , Washington, Pub 323, 1923 

26 Benedict, C G, and Benedict, F G Boston !M & S I 188 849 (May 
31) 1923 



Tabit 2— Effect of Baked /Utichokes on the Metabolism of Six Diabetic Patients'^ 
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The most striking featuie observed was a pronounced rise in the 
respnatoiy quotient which occniied umfoimly and tended to reach its 
maximum in fiom two to six hours Of these patients, m two instances 
the maximum respiratoiy quotients weie obtained during the sixth hour, 
and in three cases quotients within 0 01 of the maximum quotient weie 
obtained in the sixth houi In two cases, the maximum quotients were 
obtained m the third and fourth hours The patients whose weight 
was most below standard exhibited the greatest increases in respiratoi }'■ 
quotient The amount of carboh}-diate taken per kilogram of body 
weight also influenced the rise m lespiratoiy quotient The average 
maximal mciease in lespiratoiy quotient was 0 076 

The average maximal inci ease m heat production was 8 5 pei cent 
This may be compared with an average maximal mciease of 17 pei 
cent after levulose recorded by Joslin in the Cainegie series, and of 
10 per cent in thiee mild cases shown in Table 201 The increase in 
heat production was clearly related to the amount of artichokes taken 
Thus Cases 1, 2 and 5 (Table 2) received an average of 83 6 gm of 
caibohydiate, with a lesultant average increase in metabolism of 12 
per cent Cases 3, 4 and 6 received an average of 47 gm of cai bo- 
hydrate, with a resultant aveiage maximal increase m metabolism of S 
per cent 

If we compare these lesults with the effect of levulose alone on the 
metabolism, it is seen, m Table 3, that the highest quotients aftei levulose 
are obtained within two houis after its ingestion This is even moie 
apparent in Table 201 of Joshn’s book,-® in which, with one exception, 
all maximal quotients were obtained within the fiist two houis after 
the taking of levulose The slower and moie prolonged effect on the 
respiratoiy quotient aftei the aitichokes suggests slowei hbeiation of 
cai bohydi ates and slower absorption In one case, Case 1, a com- 
parison IS afforded between the results after artichokes and after levu- 
lose Here, in both instances, the use m quotients peisisted throughout 
the SIX houis The aveiage increase in lespiratoiy quotient was 0 098 
with aitichokes as against 0 025 with levulose Similaily, the average 
inci ease in heat pi oduction was 1 1 per cent with ai tichokes and 1 1 per 
cent with levulose The maximal increase in respiratory quotient was 
obtained during the second hour with levulose and during the fifth 
houi with artichokes 

Diabetic subjects whose metabolism is below standaid exhibit a 
gieatei mciease in lespiratoiy quotient after taking levulose than do 
those with higher basal metabolism One may say that a diabetic patient 

27 Joslin, E P The Treatment of Diabetes Mellitus, Philadelphia, Lea and 
Febiger, 1923, p 543 

28 Joslin (Footnote 27, p 292) 



Table Z— Effect of LevuJose on the Afetabohsm of Thee Diabetic Patients 


c»— t- 

*£+^13 1 “:2 + 


O Cs frJ 

I ^ CO C5 r-4 

^= 0 - 4 - 


o'^-l o'T.-*- 


CO p t- «> p o 

CO pj 4. OJ I 4- rH f" I- 


SS ffS 


1: ^ c pq c 
3 ,Q S =4 Q 

-• u 

S o'^ 


**-* t-. P-T 

2 5 p o 5 ^ o 

y-So'SS'^ T 

^ A, >5 ® "* S 

^ a. 



root-baker—treatment of diabetes 


133 


must have a subnormal metabolism in older to leact to levulose like a 
normal subject 

Another comparison between levulose and artichokes is piesented 
m Table 4, which gives the effect on the metabolism of levulose in 
lepeated small doses These two subjects leceived levulose, in one 
instance at the rate of 10 gm an hour, and in the othei instance, 12 gm 
an hour Case 9 was a young man, aged 19, with faiily severe diabetes, 
who did not utilize levulose well Case 6 is of special interest because 
lesults are at hand both after a single administration of artichokes and 
after levulose given m i epeated doses He had a mild case and utilized 
both the levulose and aitichokes veiy well In each experiment, the 
maximal respiratoiy quotients weie obtained at the end of the six hours 
The inci eases in heat pioduction weie greater in Case 9, although m 
this case there was less inciease in lespiiatory quotient The cuives in 
blood sugais diffeied In Table 6, it is seen that the blood sugar per- 
centages rose steadily dining the six houis duiing which levulose was 
given, whereas, after the single dose of ai tichokes, the blood sugars rose 
to a maximum at the end of two houis and deci eased at the end of six 
hours In general, the similaiity of lesults obtained aftei levulose and 
after aitichokes is striking 

It must be remembered that one-fifth the available caibohydrate in 
these aitichokes was dextiose The amounts of dextiose given varied 
between 13 and 20 gm in the diffeient expeiiments Possibly this was 
better utilized by reason of slowei absorption 

EFFECT OF INULIN ON THE METABOLISM OF DIABETIC PATIENTS 

The effect of muhn on the metabolism of thiee noimal subjects and 
two diabetic patients is shown in Table 5 In the instance of the three 
noimal subjects, two females and one male, a difference in the results 
appears The first two patients. Cases 10 and 11, showed very slight 
increases in respiratoiy quotients but faiily definite inci eases m heat pro- 
duction through the six hours In Case 10, intestinal fermentation was 
noticed about three hours after the inulin was taken, and muhn was 
recovered in the stools eight hours later In Case 12, a marked rise in 
lespiratory quotient occurred during the second half-houi which also 
was found persisting dining the fifth half-hour It is true that she 
seemed a little nervous, but she had practiced wearing the mask for the 
metabolism determination the day befoie and was a very intelligent and 
cooperative dietitian The results lepiesent averages of six peiiods 
in all of which the quotients were between 0 90 and 0 93 It is very diffi- 
cult to justify the exclusion of these lesults That such variations in 
pure muhn, due to varying degrees of hydrolysis in the stomach, aie 
to be expected, was the opinion of Lewis Furthermore, other factors, 
such as the character of the bacterial flora, might be expected to affect 
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the absorption of split pioducts of iiiuliii The thiee iioimal subjects 
exhibited slight increases in lespiratorj' quotient and, in two of the 
cases, increases in heat pioduction occuried The fact that the res- 
piratoiy quotients and metabolism were not below the initial levels at 
the end of the six houis may be taken as evidence that absoiption of 
some food had occurred With the two diabetic patients, the case is 
somewhat diffeient Both cases were seveie Patient 13 had just 
recovered from a peiiod of seveie acidosis, and was restless duiing the 
sixth hour Duimg the third hour, diowsiness may account for the 
fall 111 lespnatoiy quotients Patient 14 had a single quotient of 0 82 
duiing the second half-hour, but the average quotients during this half- 
hour did not exceed the basal quotient In both patients, a slight 
increase in heat pioduction occuried, but the expeiiments do not other- 
wise give evidences of absorption of inulin 

Table 6 — Effect of Imibn, Levulose and A)tichokcs on the Blood Suga> 



Substance 

Amount 

Carbo 

hydrate. 




Hours After Ingestion 

A . 




/ 





Case 

Given 

Gm 

Easting 

1 

2 

3 

4 5 

6 

12 (normal) 

Inulin 

60 

0 09 


OOS 



OOS 

11 (normal) 

Inubn 

92 

008 


0 08 



0 05 

10 (normal) 

Inulin 

105 

010 

010 


0 09 


010 

14 Diabetic 

Inulin 

90 

0 20 

0 21 


0 22 

017 


13 Dnbetic 

Inulin 

go 

0 30 


0 31 

0 28 


0 23 

7 Dnbetic 

Levulose 

50 6 

007 


0 08 


0 09 

009 

8 Di ibetic 

Levulose 

87 V 

0 33 


0 44 



0 30 

1 Dnbetic 

Levulose 

48 0 

0 24 

0 31 


0 33 


0 24 

0 Diabetic 

Levulose 

72 0* 

016 

017 


0 27 

0 28 

0 24 

b Diabetic 

Levulose 

50 Of 

017 

016 



0 22 

0 25 

1 Diabetic 

Artichokes 

710 

0 25 


0 30 



0 21 

2 Diabetic 

Artichokes 

790 

019 

0 27 


0 24 


Oil 

3 Diabetic 

Artichokes 

37 0 

0 26 



0 29 


023 

4 Diabetic 

Artichokes 

510 

017 


019 

017 


013 

5 Dnbetic 

Artichokes 

810 

0 31 

0 33 


0 29 


0 20 

6 Diabetic 

Artichokes 

53 0 

019 

022 


0 26 


0 24 


* Levulose given, 12 gm an hour 
t Levulose given, 10 gm an hour 


BLOOD SUGAR, AS AFFECTED BY ARTICHOKES, INULIN 

AND LEVULOSE 

The changes in blood sugar peicentages after the administration of 
iiiuhn, levulose and artichokes aie shown in Table 6 Inulin pioduced 
no significant increase m eithei the normal or the diabetic subjects With 
levulose the facts are quite different With the exception of the lemark- 
able Case 7 , m which the patient showed almost no change in the blood 
sugar level after taking 1 5 gm of levulose per kilogram of bod}'^ weight, 
levulose produced a distinct rise in the peicentage of blood sugar of dia- 
betic patients, whethei taken in a single large dose or as small amounts 
at houily intervals In the latter instance, the increase in the blood 
sugar tended to be progiessive so long as levulose was taken When 
baked artichokes were given to diabetic patients, a slight rise in blood 
sugai was observed in eveiy instance, with a fall at the end of the six 



136 


ARCHIVES OF INTERNAL MEDICINE 


hours to values slightly lower than the initial value In two cases, we 
are able to compare in the same subject the results with levulose and 
with artichokes With Case 1, the inciease m blood sugar was 0 05 
when 71 gm of carbohydrate in the form of baked artichokes was given, 
whereas, when 48 gm of pure levulose was taken, the increase during 
the first hour was 0 07 At the end of six hours after artichokes, the 
blood sugar was below the initial level, whereas it was the same as 
the initial level in the le^ ulose test In Case 1, the increase in respiratory 
quotient was greater with artichokes and moie piolonged than with the 
levulose With Case 6, a comparison is possible between the effect on 
the blood sugar of le\ ulose taken in hourl} doses and artichokes The 
greater increase in the blood sugais occurred after the le\ ulose In 

Table 7 — Effect of Innhn Obtained fiom Dahlia Bulbs on the Sugar of the 
Blood and Uiinc Before and After Hydrolysis 




Blood Sugar per 100 C c Corpuscles, Uiine 



t 


% 


t 

> 



Whole 


Cor- 

Cent 

Volume 

Sugar 



Blood, 

Plasma, 

puscles, 

b> 

per Hour, 

per Hour, 

Subject 

Tune 

Mg 

Mg 

Mg 

Volume 

Cc 

Mg Remarks 

15 

8 06 

109 -r6 

117-1-1 





(^o^nal) 

8 27 





38 

Fasting 

Weight, 57 kg 

8 35 

Inulin 

95 gm inoOOcc of pater 




Age, 26 

9 85 

109-^6 

107-4 



53 



10 43 

109+0 

105+7 



131 



2 35 

lOl-rO 

98+3 



0 


10 

8 30 





27 

121+1 Fasting 

(Diabetic) 

8 55 

263^7 

270+0 

234+20 

35 




9 15 

Inulin, 70 gm inOOOcc of pater 





9 50 





42 

252+4 


10 32 

203+13 

207+9 

255-‘-22 

38 




10 47 





142 

415+0 


11 18 

282+4 

2S0+2 

280+8 

30 




11 56 





200 

513+0 


3 34 

231+7 

238+7 

218-7 

34 




3 42 





75 

102+3 


both cases, high quotients weie obtained at the end of the period These 
results with the respiratory quotient showed that (1) the inulin used 
was not absorbed, or was absorbed unchanged, or was absorbed too 
slowly to affect the blood sugar, (2) baked artichokes did not increase 
the blood sugar as much as pure levulose in equi\alent amounts, (3) 
when levulose was given in small divided doses, the effect on the blood 
sugar was similar to that in the expeiiments in which artichokes were 
taken, but a greater increase was found, and (4) the absoiption of some 
reducing sugar, after the taking of artichokes was proved 

Inuhn made no change m the urinary sugar excretion, with the 
possible exception of in Case 13, a case of severe diabetes in which 
sugar excretion may have increased for another leason, namely, the 
omission of insulin on that day One diabetic patient excreted no sugar 
after either levulose or artichokes One patient excreted no sugar aftei 
levulose, and another vas sugar-free during the six hours after taking 
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artichokes The others showed definite inci eases m glycosuria after 
both levulose and artichokes Le\ailose was not found in the urine by 
the Sehwanoff test Patient 1 excieted 8 5 gm of sugar in six hours 
after 48 gm of levulose, and only 9 2 gm of sugar after 71 gm of 
carbohydrate in the form of baked artichokes 

ABSORPTION OF INULIN 

Two experiments were carried on to determine whether there was 
any evidence of the absoiption of inulin as such oi of some polymer of 
levulose The method employed was to give inulin by mouth and at 
inteivals to deteimine the venous blood sugai befoie and after hydrol- 
ysis of the Fohn filtiate For this puipose it was found that tvo diops 
of the 1 per cent hydrochloi ic acid, when added to 2 c c of the Fohn 
filtrate and set in a boiling water bath for two hours, would hydrohze 
inulin without causing destiuction of the glucose normally present 
Stronger solutions of hydiochloric acid, such as 10 per cent , could not 
be usel since they caused destiuction of the glucose as well as hydiol- 
ysis of inulin The added acid was then neutialized with 2 drops of a 
sodium hydroxid solution, which was equivalent to the hydrochloric 
acid Similarly, the sugar m the in me was determined before and 
after hydiolysis by the method of Fohn In Table 7 are shown the 
results It IS seen that, with the noimal subject, the diffeience value 
1 e, the inciease in reducing powei of the Fohn filtiate as hjdrohzed 
with hydrochloric acid, increased somewhat aftei the taking of inulin 
However, we weie unable to get a Sehwanoff test In the case of the 
diabetic subject, there was a considerable increase in the differ- 
ence value in the urinary excretion found, but in neither case could a 
Sehwanoff reaction be obtained These results are suggestive but not 
conclusive It is to be lemembered that the blood specimens were 
venous blood, and hence it is possible that absorbed inulin was held in 
the liver and meiely displaced dextrin-hke substances Another possi- 
bility IS that It was taken up by the tissues In either case, it would 
not be demonstiable in the venous blood 

INULIN IN THE PREVENTION OF ACIDOSIS 

The tendency toward the development of acidosis, which might have 
been produced by the withdrawal of insulin on the experiment days, 
was apparently counteracted by all three substances The plasma carbon 
dioxid combining power lemained piactically constant during the six 
hours of the inulin tests, increased by 1 9 per cent b} volume during 
the levulose expeiiments, and, in the experiments with artichokes 
increased from an average of 56 8 per cent by \olume fasting to 57/ 
per cent by volume at the end of six hours 
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In two instances, acidosis was present when the artichokes were 
taken The fasting urine specimen of Case 5 gar e a -] — h + + ferric 
chloiid test and the plasma caibon dioxid combining power was only 44 3 
per cent by volume The fasting urine of Case 3 gave a + + feme 
chlond test In the first instance, the respiratory quotient rose from 0 73 
to 0 78 , the heat production increased by 1 1 per cent , and the plasma 
bicarbonate increased by 1 per cent by volume during the two hours 
following ingestion of artichokes In the second case, a rise of 0 07 
in the lespiratory quotient and an increase of 2 per cent by volume 
in the plasma bicarbonate occuiied during the third hour Thus, the 
beneficial effects of artichokes on diabetic acidosis were clearly suggested 

Table 8 — Alto attons vt Plasma Cholcsto ol 


Milligrams per 100 C c 
< 


Hours After Ingestion 

K 


Carbo 


Grains 


! 

A 


hydrate 

Case 

per Kg 

Fasting 

1 

O 

G 

Inuhn 

Normal 10 

1 3 

963 

97 7 

124 

159 


Normal 11 

1 5 

114 


151 

155 


Normal 12 

1 3 

IIG 

112 


106 

Inulin 

13 

15 

112 

IGl 

188 

117 


14 

1 5 

426 

452 

452 

409 

Levulose 

7 

16 

114 

106 

95 7 

102 


8 

IG 

122 


110 

116 


1 

1 2 

152 

126 

120 

192 


9 

1 3 

96 3 

106 

116 

161 


G 

1 1 

217 

227 

231 

189 

Artichokes 

1 

1 S 

135 

188 


210 


2 

14 

120 

145 

140 

114 


3 

or 

109 


115 

134 


4 

09 

634 

05 2 

81 6 



5 

1 5 

102 

104 

141 

109 


G 

1 2 

215 

147 

169 

194 


BLOOD LIPOIDS, AS ArPECTED BY ARTICHOKES, INULIN 

AND LEVULOSE 

In Tables 8 to 11 are given analyses of the plasma lipoids, for which 
we are indebted to Pi of W R Blooi of the University of Rochester 
Medical School and the Robinson Foundation 

Temporary inci eases in the blood lipoids are observed after fat 
feeding, starvation, narcosis and hemorrhage In any hpemia, increases 
occui in the fatty acid, lecithin and cholesterol although the latter is 
inconstant in alimentar}' lipemia The late of fat absorption and the 
rate of disappearance from the blood control alimentary lipemia Bloor 
considers that diabetic lipemia is due to the lack of hormone aiding 
in the removal of fat, an hypothesis apparently confirmed by the dis- 
cover} of insulin We have observed that insulin prevents the increase 
both in the blood sugar and the blood lipoids which follows the taking 
of levulose by a diabetic patient 

29 Bloor, W R J Biol Chem 49 20, 1921 
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In seeking to explain the changes in, plasma hpoids in these experi- 
ments, thiee possible souices must be consideied (1) the food, (2) the 
fat depots of the body, and (3) the synthesis fiom othei constituents 
of the body The mechanism of synthesis of blood lipoids from other 
constituents of the body oi diet is entirely unknown, according to 
Bloor The influence of fasting and the consequent diaiii of fat stores 
on the plasma lipoids is difficult to evaluate in these expeiiments In 
fasting, the blood sugar falls and the blood fat increases In the 
expeiiments with levulose and aitichokes, though not with inuliii, how- 
ever, the blood sugar of diabetic i^atients lose either during the first two 
hours or throughout the six houis This fact shows clearly that the 

Table 9 — Alteiahons in Plasma Fatiy Acid 


SlilligraiHS per 100 C c 

A,, ■■■ 


Hours After Ingestion 


Garbo 


Or ims 



X 


Indrate 

Case 

per Ivg 

Pasting 

1 

2 

0 

Inulin 

Normal 10 

1 3 

356 

406 

356 

346 


Normal 11 

15 

332 


314 

328 


Normal 12 

13 

246 

252 


356 

Inulin 

13 

1 5 

440 

507 

570 

453 


14 

1 5 

482 

540 

022 

607 

Levulose 

7 

16 

332 

324 

338 

320 


8 

16 

043 


657 

600 


1 

1 2 

393 

411 

428 

442 


0 

13 

400 

388 

402 

324 


0 

1 1 

348 

623 

073 

043 

Artichokes 

1 

18 

402 

435 


522 


2 

14 

392 

417 

374 

422 


3 

07 

398 


448 

448 


4 

09 

444 

358 

450 



5 

1 5 

422 

440 

480 

530 


6 

12 

067 

623 

456 

450 


lesults aie not to be legaided as entiiely due to fasting and nonabsorp- 
tion of the substances fed Fuitheimoie, the subjects of levulose and 
artichoke expeiiments leceived amounts sufficient on the aveiage foi 
their caloric needs, duiing the peiiod of the test Another factor that 
may have influenced the results was the withdrawal of insulin All 
but one of the diabetic subjects had been leceiving insulin None had 
been given for at least sixteen hours prioi to the experiments Onl} 
one patient. Case 5, had leceived as much as 30 units a day It is 
unlikely that its withdrawal could have gieatly affected the expeii- 
mental results We feel that the substances fed must be regarded 
as of chief importance in producing the obseived changes 

In discussing the alteiations in plasma hjioids, we shall consider 
each separately Significant increases in the cholesteiol of the plasma 
occuried in twelve of sixteen expeiiments In eight instances, the 
maximum was reached at six horns and in the other foui cases 
during the fiist two hours The inci eases occuired in both normal 
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and diabetic subjects and in all four types of experiment The four 
subjects, one normal, Case 11, and three diabetic, who did not exhibit 
an inciease in plasma cholesteiol, were distinguished fiom the ten who 
did, first, by their weight and, second, by the behavioi of then respir- 
atory quotients Their average weight was 29 per cent below stand- 
ard, and then average maximal increase m respiratory quotient during 
the experiments was 0 095 The aveiage weight of the ten subjects 
was 11 per cent below standard, and the average maximal increase 
in respiratory quotient during the ten experiments was 0 04 In Cases 
1 and 6, two experiments each were done Patient 6 exhibited an 
increase in cholesterol when levulose was given in five hourly doses 
of 10 gm , but not when artichokes equivalent to 53 gm of carbohydrate 

Table 10 — Alto ai tons tn Plasma Lecithin 


Jlillignms per 100 C c 


Hours After Ingestion 

A 


Carbo 


Grams 


t 

A 


hydrate 

Case 

per Rg 

Fastmg 

1 

2 

0 

Inulin 

Normal 10 

1 3 

132 

157 

182 

166 


Normal 11 

1 5 

270 


274 

282 


Normal 12 

13 

158 

108 


199 

Inulin 

13 

1 5 

205 

278 

262 

208 


14 

1 5 

557 

541 

570 

515 

levulose 

7 

1 6 

194 

182 

258 

229 


8 

1 f) 

202 


271 

286 


1 

1 2 

516 

502 

449 

320 


9 

13 

230 

227 

SSI 

379 


6 

11 

269 

194 

334 

SS9 

Artichokes 

1 

1 8 

331 

1S8 


290 


2 

1 4 

438 

309 

336 

240 


3 

07 

274 


294 

290 


4 

09 

232 

243 

243 



0 

1 5 

350 

285 

302 

272 


6 

1 2 

370 

252 

234 

234 


were taken The more lapid absorption of pure levulose, as com- 
paied with artichokes, may have brought about this result This 
suggests that the tendenc)- foi an inciease in the plasma cholesterol 
to occur after the ingestion of carbohvdrates is dependent 
on the character of the metabolism thereby induced and on the preced- 
ing nutiitional state The lower the weight and the greater the 
increase in respiratory quotient, the less will be the increase in plasma 
cholesterol, or the bettei the utilization of carbohydrate, the less will 
be the tendenc}’- for an inciease in cholesterol 

The initial level of the blood sugar and of the cholesterol seemed 
not to affect the increase The severity of the diabetes seemed to be a 
factor Thus Cases 7, 8 and 6, who had little or no increase in plasma 
cholesterol were milder than the other diabetic cases 

The alterations in the fatty acids of the plasma paralleled fairly closely 
those of the cholesterol Increases occurred in thirteen experiments, the 


ROOT-BAKER— TREATMENT OF DIABETES 141 

highest values being observed in the sixth hour in seven cases, and in 
the second hour in five cases The paiellehsni was not exact, however, 
for, in five instances, an inciease in one lipoid was not accompanied by 
an increase in the othei Fuithermore, in only six cases, the maximal 
value for cholesterol occuiied at the same time as that foi fatty acid 
Nevertheless, the outstanding fact is that, in thirteen experiments, an 
average maximal inciease of 24 6 per cent occuiied during the six 
hours While it is tiue that the three patients who showed no increase 
were 27 per cent undei weight, two patients who showed maiked 
increases also were 39 pei cent and 26 pei cent , respectively, undei - 
weight It is difficult to con elate this increase with any othei factors 
Lecithin, like cholesteiol, is found in all living body cells It 
inci eases with the fatty acids in any lipemia, although usually more 

Tarlu 11 — Altoaiions in Plasma Ficc Fat 


Milligrnms per 100 C c 





' 

A 

Hours After Ingestion 


Carbo 


Grams 





— -1 1-^ 

hjdrate 

Case 

per Kg 

Pasting 

1 

2 

0 

Inubn 

Normal 10 

1 3 

230 

209 

193 

171 


Normal 11 

1 5 

114 


82 

88 


Normal 12 

1 3 

101 

83 


189 

Inulin 

13 

1 5 

273 

207 

333 

270 


14 

15 

-34 

29 

91 

187 

Levulose 

7 

1 6 

104 

107 

134 

134 


8 

1C 

430 


440 

477 


1 

12 

—12 

35 

89 

100 


9 

1 3 

214 

201 

109 

18 


0 

1 1 

98 

417 

374 

320 

Artichokes 

1 

1 8 

137 

247 


258 


2 

1 4 

00 

103 

103 

224 


3 

07 

180 


294 

209 


4 

09 

209 

174 

207 



5 

1 5 

154 

215 

241 

218 


G 

1 2 

349 

40C 

244 

229 


slowly, and the inciease is of longei duration, according to Bloor It is 
synthesized from fat and phosphoric acid, and piobably lepresents one 
state in fat metabolism Bloor found a relatively large pait of the 
unsaturated fatty acids of the blood in combinations with cholesteiol 
and a smaller poition combined as phospholipoid The lecithin findings 
aie not complete but if it contains one saturated and one unsatuiated 
acid, the lattei is piobably the same as that of the liver, and relation 
between blood and hvei lecithin must exist This work tends to support 
the belief that lecithin lepiesents a means of transportation for fat 

Increases in plasma lecithin occuiied in eleven of these experiments 
The maximal inciease occuired five tinges in the sixth hour and four 
times in the second The average maximal increase was 26 3 pei cent 


30 Bloor, W R J Biol Chem 59 543 (April) 1924 
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Increases in fiee fat weie found in thirteen experiments If the 
levulose experiments with Case 1 are omitted fiom the average, ihe 
aveiage maximal inciease in fiee fat was 155 per cent The alterations 
in plasma fat occuried moie promptly and were gi eater in degree than 
those observed with the othei lipoids 

The interpretation of these puzzling lesults must await fuither study 
and the ci iticism of other workers Striking inci eases in plasma lipoids 
weie obseived in the thiee normal subjects who received only intilin 
Patient 11, whose blood sugar fell to 0 05 per cent at the end of six 
houis, showed an inciease in plasma lecithin and cholesteiol, but a 
decrease in fatty acids and fiee fat This suggests that the withdrawal 
of fat from the blood may stimulate the formation of lecithin and 
cholesterol 

Levulose and artichokes produced, in the diabetic subjects, a 
lipoidemia charactei ized by a tendency toivard an earliei and more 
marked increase m plasma fat and fatty acid The higher the initial 

Table 12 — Average Diet, Insulin and Weight of Diabetic Patients 

Taking At tichoLes 


Cnrbo Diet at Beginning Diet* * at End 

Indrate , , , ' , Insulin Weight 

^UIn Added Car Oar- , — ^ , *- 

her as Arti- bohy Pro- bobj - Pro- Begin Begin 

of chokes, Time, drate, tein. Fat, Calo dratc, tein. Fat, Oalo- ning. End, ning. End, 

Cases Gm Mo Gm Gm Gm nes Gm Gm Gm ries Units Units Kg Kg 

17 19 0 51 51 105 1,353 59 53 117 1,501 IS 21 .30 3 42 4 


* Exclusive of artichokes 


lipoid values, the less was the tendency foi such an inciease to occur 
In the milder diabetics little oi no inciease was observed This may 
be explained on the giound that, in the latter, the block in the patlway 
of caibohydiate utilization is but slight wheieas, m the more seveie 
cases ivith more complete block in the pathway, the carbohydiate may 
be converted in pait into fat In the most seveie cases, even this 
expedient fails Possibly this explanation may be imoked in a com- 
parison of Patients 9 and 6, who received small amounts of levulose 
hourly In the fiist moderate increases m cholesteiol and lecithin -with 
a pionounced fall in plasma fat occuired, wdiile the lespiratoiy quotient 
ivas scarcely affected and the urine contained sugai We may infei that 
practicall}- no increased combustion of carbohydrate and no conveision 
into fat occurred In the second, a marked increase in lipoids, with 
slight gtycosuiia and an extiaoidinaiy use in respiratory quotient 
suggest that conversion of levulose into fat had occuried 

A comparison of the effects of levulose and aitichokes on the plasma 
lipoids may be made in general teims In Case 1, slightly greater hpoi- 
deinia occurred ivith 71 gm of carboltydi ate, as artichokes, than wnth 
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48 gm of levulose In Case 6, a decrease in lipoids occiiiied with 53 gm 
of carbohydrate in the form of artichokes, as compared with an increase 
in lipoids when 50 gm of levulose were given in divided doses In 
general, the slower absorption of carbohydrate with a more prolonged 
rise m respiratory quotient when aitichokes weie given caused a less 
pronounced hpoidemia than did pure levulose 

JERUSALEM ARTICHOKES IN THE DIET 

The Jerusalem artichoke tubei resembles the potato in appearance, 
and IS easily obtained m laige markets It may be piepaied foi 
use as food m a variety of wajs, such as boiling, baking or frying It 
must be remembered, however, that if the aitichoke is boiled a large part 
of the mulin will be lost in the water In one experiment, 43 per cent 
of the mulin was recovered from the water m which the artichokes were 
boiled Baking is the best method of cooking Mis Leatheibee, who 
has served artichokes to many patients in her boarding house for 
diabetic patients, recommends the following recipe 

The artichokes should be washed m cold water and sliced like cucumbers, 
then baked in a small casserole till soft No water should be added, but 
mineral oil may be used 

The aitichokes baked in their skins lesemble baked potatoes in 
appeal ance but have a very sweet taste Thirty minutes’ liakmg will 
drive off enough water to cause a loss of 65 per cent m weight Hence, 
the carbohydrate value must be calculated from their weight before 
cooking As to the changes that occur in the carboh}diate of the aiti- 
chokes during baking, we are uncertain The mulin of artichokes is 
more easily hydrolyzed than that of dahlia tubers Duimg baking, the 
slow rise of temperature m the center of the aitichokes gives opportumt) 
for rapid hydrolysis before the inulase is destio}ed The content of 
levulose or of easily hydrolyzed levulosans may be increased, although 
we have been unable to demonstrate it At any rate, the baked 
aitichokes are moie palatable than the boiled and are eagerly taken, 
either regularly oi at intervals, by the diabetic patients 

Twenty-five diabetic patients have taken artichokes in addition to 
their regular diet (or occasionally in substitution for 5 per cent \ege- 
tables) for peiiods varying fiom a few days to fifteen months In some 
cases, the artichokes were taken daily in others, on alternate daj/S, and 
in one instance, only once a week The average amount of uncooked 
artichokes taken m a day vas 130 gm In Table 12 are gi\en 
the aveiage results for seventeen patients who took artichokes 
foi at least one month These patients all showed improvement 
during the test Needless to say, this improvement is not ascribed to 
the artichokes alone, but the most conseivative Mill agiee that the\ did 
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no harm In all cases, the patients were able to eat artichokes in these 
moderate amounts without increasing glycosuria, when present, or 
producing glycosuria when it was previously absent 

Artichokes may occasionally be used to render the urine sugar free 
without increasing the insulin dose or decreasing the diet Patient 15, 
a boy, aged 7 years, became sugai free when 100 gm of baked artichokes 
was substituted for 15 gm of carbohydrate, as orange and Triscuit 
Patient 16, a woman, took baked artichokes in place of 5 per cent 
vegetables and fruit for two days Although she thus inci eased the 
carbohydrate of her diet by 10 gm , she became sugar free To confirm 
this result she returned the next day to her previous diet and glycosuria 
reappeared No inulin or levulose was found in the stools of patients 
who received moderate amounts of artichokes 

The addition of artichokes to the diet apparently makes it possible 
to add other food too Thus, these seventeen patients increased the total 
calories of their diets by 11 per cent besides the artichokes, although 
the insulin dosage was increased by only 3 units This is understandable 
if one considers the unusual readiness with which levulose favors glv- 
cogen formation Helly has shown that, even in depancreatized dogs, 
glycogen may be deposited m the liver when levulose is given It may 
well be that the good effects of artichokes are due to the slow absorption 
of levulose, increased glycogen formation and consequent improvement 
of tolerance of the patient and his protection against acidosis 

CONCLUSIONS 

Clinically, the use of Jerusalem artichokes proved beneficial to a 
group of diabetic patients who used them for average periods of six 
months In the amounts given, they were added to the diet without 
increasing glycosuria or producing it where previously absent, and when 
substituted for other carbohydrates in the diet, in certain instances, they 
rendered the urine sugar free During the periods of these tests, 
patients were able to increase the other components of the diet and to 
gam weight with only a slight addition to their insulin dosage 

Experimental^, the advantages of artichokes seemed to depend on 
the gradual liberation and slow absorption of levulose, although a small 
amount of glucose also was present Baked artichokes raised the 
respirator)'^ quotient in all cases, including cases with acidosis 

The increase in the respiratory quotient tended to occur later and to 
be more prolonged than with levulose 

The increase in blood sugar produced by artichokes was definite but 
less than that produced b}’’ an equivalent amount of carbohydrate in the 
form of leimlose 

31 Helh Ztschr f exper Path u Therap 15 464, 1914 
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Experiments conducted in order to make comparison with inulin 
derived fiom dahlia tubers showed that inulin did not cause a significant 
rise in blood sugai percentage but that it had a slight though definite 
effect on the lespiratory quotient and metabolism 

Inci eases in the lipoids of the plasma resulted when artichokes and 
inulin, as well as levulose, weie given patients The greatest increases 
occurred in the more severe diabetic subjects when levulose was given 
In subjects receiving both levulose and artichokes on different occasions, 
the latter provoked the lesser degree of lipoidemia 



HYPOGLYCEMIA =■ 

REPORT OF A CASE UNASSOCIATED WITH INSULIN 

administration 
LIU SHIH-HAO, MD 

AND 

CHANG HSIAO-CHIEN, MD 

PEKING, CHINA 

The clinical history of a case in which hypogl)’’cemia was associated 
with symptoms very similar to those occurring in the hypoglycemic 
shock following overdosage with insulin is here given 

report of case 

H F C , a Chinese man, aged 33, was admited to the Peking Union Medical 
College Hospital, Aug 17, 1924, for gastric analysis and roentgen-ray examina- 
tion of the gastro-intestinal tract, on account of epigastric distress and feeling 
of flatulence after meals The past history ^\as irrelevant, except that he never 
had any previous attacks in any way resembling that described below, nor any 
S 3 TOptoms suggestive of hysteria 

Shortly after admission, the patient developed a diarrhea which lasted 
for five or six days, three or four stools daily with abdominal cramps The 
stools were liquid and fecal, wuth mucus, but contained no blood The night 
before the colon examination, the supper was omitted and he was given 40 c c 
of castor oil, which produced a number of liquid bowel movements The next 
morning, without breakfast, a soapsuds enema was given Immediately after 
the enema, the patient had very severe, cramplike pains in the abdomen He 
had speech difficulty and was disoriented The hands and feet were held in 
spasm resembling the carpopedal spasm of tetany, but no facial phenomenon 
(Chvostek’s sign) was obtainable The abdominal muscles were rigid The 
vhole body was in active tremor, the face pale and dripping with profuse 
cold perspiration, and the pulse weak and rapid, giving a picture of severe 
shock During the attack, the patient felt numb and stiff in the fare, as well 
as in the extremities, which could be moved only with difficultv, but there 
vas no blurring of vision, tinnitus or loss of consciousness The abdominal 
cramps lasted for an hour, but the spasm of hands and feet did not disappear 
for two and one-half Hours The picture, clinically, in every way resembled 
a moderately se\ere hypoglycemic (insulin) shock, although at the time the 
possibilitv of hjsteria was also considered 

The colon examination was postponed until two days later when exactly the 
same preparation was gnen, in an attempt to reproduce the same syndrome, but 
without result During this time, however, the diarrhea had ceased and food 
in normal quantities had been taken 


From the chemical laboratorj', the department of medicine, Peking Union 
Medical College 
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On the assumption that the rigidity of the hands and feet might be due to 
tetany, blood was taken for calcium and phosphorus determination ^ The 
results of the blood examination made during the attack and on the second da> 
following are given in the accompanying table 


Blood Eraminatton 




Mg per 


Mg per 

Percentage 



Mg per 

100 Oc 

by Volume 



100 Oc 

100 0 c 

Inorganic 

Carbon Dioxid 



Glucose 

Oalciuui 

Phosphorus 

Capacity 

Aug 

25, 1924, without attack 

75 

11 3 

1 7 

50 4 

Aug 

25, 1924, without attack 

lOO 


38 

55 1 


The value for calcium was found to be high, while that for phos- 
phorus was very low The high calcium and normal carbon dioxid 
capacity, together with the absence of the facial phenomenon, rendered 
the diagnosis of tetany quite unlikely Fuithermore, the low phosphorus 
in the blood led one to anticipate a low blood sugar, as the associated 
presence of these phenomena has been shown - to occur during the 
process of active insulin action Banting, Campbell and Fletcher ^ have 
described hypoglycemic shock following insulin injections \\/hen the 
level of the blood sugar gets as low as 0075 per cent , patients experience 
hunger and a feeling of fatigue, accompanied by vasomotor phenomena 
and tremulous sensations The blood sugai determined m this case 
was 0 075 per cent On account of the hypoglycemia present and the 
similarity of the symptoms manifested m this case to the hypoglycemic 
syndrome, one is strongly led to assume that this patient was suftenng 
from a condition analogous to hypoglycemic shock 

We are unable to offer a ceitain explanation of the etiology of this 
attack The writers have not found repoits of any similar case in which 
the blood sugar has been studied But the facts aie that this man had a 
severe and dehydrating diarrhea, and had been vigorously purged and 
partially starved before the attack occurred We think it not unlikeh 
that the depletion of carbohydrate from a susceptible patient by an 
exhausting diarrhea, fasting and severe purging may sufficiently lower 
the blood sugar to cause the symptoms of hypoglycemic shock, when 
given some immediate stimulus (here the manipulations necessary to give 
an enema) to set them off 

1 The chemical methods employed were (a) Glucose Folm, O, and 

Wu, H J Biol Chem 38 81 (May) 1919 (fc) Calcium Kramer, B , and 
Tisdall, F F J Biol Chem 47 475 (Aug) 1921 (c) Phosphorus Briggs, 

A P J Biol Chem 53 13 (July) 1922 (d) Carbon dioxid combining power 

Van Slyke, D D , and Cullen, G E J Biol Chem 30 289 (June) 1917 

2 Harrop, G A, Jr, and Benedict, EM J Biol Chem 59 683 (April) 

1924 

3 Banting, F G , Campbell, W R , and Fletcher, A A Brit M J 
1 8 (Jan 6) 1923 
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In conckision, it is desired to call attention to the possibility of hypo- 
glycemic shock, after such a train of events, in a predisposed subject 
Before the discovery of insulin, the syndrome of hypoglycemic shock 
was unknown and unrecognized, and many hysterical attacks, so con- 
sidered, might prove in reality to be hypoglycemic in nature, if blood 
sugar determinations were made In cases of cholera, in which the mus- 
cular cramps have usually been ascribed to dehydration, estimations of 
blood sugar would be interesting, m order to determine whether or not 
hypoglycemia may play a part in their causation 



Book Reviews 


Lectures on Pathology By Ludwig AscHorr, M D , Professor of Pathologic 
Anatomy, University of Freiburg Delivered in the United States, 1924 
Thirty-Five Illustrations 

This book contains a number of lectures that were delivered by Professor 
Aschoff, during his recent visit to the United States It includes, among others, 
the Lane Lectures of Leland Stanford University, the Janeway Lectures of 
the Mount Sinai Hospital, New York, and the Osier Memorial and the Harvey 
Lectures 

Altogether there are fourteen separate papers The subjects discussed are 
varied , they cover a wide range of pathologic data and evidently are not 
intended to form a consistent series All, however, are concerned with subjects 
vital to medicine at the present time Among these subjects, one finds the 
following the reticulo-endothelial system, the pathogenesis of human pul- 
monary consumption , concept of inflammation , pathologic fatty changes , the 
normal and pathologic morphology of the suprarenals , atherosclerosis , ovulation 
and menstruation , the orthology and pathology of the extrahepatic passages , 
the site of formation of bile pigment, thrombosis, the relation of mucosal 
erosions to the development of ulcers of the stomach , the goiter problem, 
especially the goiter of puberty, renal secretions, and renal diseases 

It IS impossible, in this review, to give a resume or even to state the mam 
conclusions of the author On all these problems, he has worked and written 
for years, and these lectures are really condensations of his numerous papers 
and monographs For that reason, many physicians will find this book most 
useful in obtaining fairly concise statements of Aschoff’s voluminous writings 

Of greatest interest, probably, are his discussions of the reticulo-endothelial 
system and the pathogenesis of human pulmonary consumption More espe- 
cially, Aschoff discusses, in connection with the reticulo-endothelial system, 
the morphology and origin of its elements, and then takes up the reaction of 
these cells in various pathologic processes, laying stress particularly on their 
relation to blood destruction, to bile pigment production, to their participation 
in general metabolic functions, such as the metabolism of fat, the metabolism 
of proteins, and their relation to the storage and metabolism of iron Of 
particular interest, too, is his discussion of this system in relation to defense 
reactions and ferment production 

Aschoff presents concisely his well known views on pulmonary tuberculosis, 
emphasizing the importance of recognizing a primary infectious stage, char- 
acterized by an exudative, rapidly caseating bronchopneumonia, which is usually 
single There may be a reinfection, which is usually multiple , this often occurs 
at the apex of the lung and results commonly in a process of cicatrization and 
contraction, this forming the productive type of phthisis 

His concept of inflammation is founded on a broad biologic basis He 
analyzes in detail the various factors entering into this process, and presents 
an interesting but exceedingly complex tabular representation of the inflam- 
matory reactions 

Aschoff emphasizes the complexity of the process of thrombosis and dis- 
cusses several factors in the formation of thrombi He takes up so-called 
spontaneous thrombosis, presenting in a masterly vay its morphologj' and the 
mechanics of its formation This chapter is recommended especially to the 
surgeon for his careful consideration 

Attention is called to the interesting chapter on mucosal erosions Here 
appear many statements bearing on the origin and prevention of ulcers of the 
stomach 
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To those interested in the study of goiter, his morphologic discussion of 
the problem will be of interest He also draws many comparisons between 
the disease as it appears m Europe and in this country 

The author has a wide range of detailed information not only m the field 
of morphology, where he stands supreme, but also in biochemistry, bacteriology, 
immunity, and especially in comparative pathology From all these sources, 
he utilizes and correlates important data in the elucidation of disease processes 

The Physiology of ExERasE A Textbook for Students or Physical Edu- 
cation By James Huff McCurdy, AM, M D , M P E , Director of 
Physical Education Course in the International Young Men’s Christian 
Association College, Springfield, Mass , Editor of the American Physical 
Education Review Illustrated Pp 242 Philadelphia Lea and Febiger, 
1924 

This book was written to serve as a guide and text for students and 
teachers of physical education, and most of the material presented was obtained 
through studies carried on over a period of more than twenty years at the 
International Young Men’s Christian Association College at Springfield There 
IS an extensive bibliography, and frequent references to the literature on the 
subject are made It deals largely with the effects of exercise and the various 
forms of athletic contests on individuals, both in regard to general constitu- 
tional effects and to the influence of exercise on the various organs, with 
particular emphasis on functional changes 
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SYSTOLIC BLOOD PRESSURES IN YOUNG MEN 

INCLUDING A SPECIAL STUDY OP THOSE WITH 
HYPERTENSION * 

H S DIEHL, MD 

AND 

K H SUTHERLAND, MD 

MINNEAPOLIS 

When considering the subject of hypei tension, one is impiessed 
with the indefiniteness of our knowledge Some of the sequelae of 
hypei tension have long been lecognized and life insurance companies 
have been emphasizing the impoitance of hypei tension, even though 
unaccompanied by other symptoms Fahr ^ estimates that appi oximately 
50,000 pel sons in the United States die each year from “hypertension 
heart,” and that probably an equal number of deaths leported as apoplexy 
and Bright’s disease ai e actually the result of hypei tension This would 
mean that hypei tension lanks foremost among the causes of death in this 
country * But even with the geneial realization as to the impoitance 
of the condition, we aie unable as yet to diaw a sharp line between 
noimal blood pressure and low giade hypei tension, and we lack definite 
infoimation concerning the age at which hypertension makes its fiist 
appeal ance 

Alvaiez,^ in an attempt to determine what constitutes normal blood 
piessure in young peisons, has made some veiy excellent studies of the 
blood pressme recoids of freshmen students at the Univeisity of Cali- 
fornia The readings weie made over a peiiod of four yeais and include 
lecoids of 6,000 men and 8,934 women He found that 45 per cent of 
the men had systolic pressuies exceeding 130 mm , and 22 per cent had 
pressuies exceeding 140 mm , that about 12 per cent of the women had 
pressures exceeding 130 mm and about 2 pei cent had pressures exceed- 
ing 140 mm He found that the aA^eiage pressure for both men and 

From the Student’s Health Service and Department of Preventive Medicine 
and Public Health, University of Minnesota 

•’"This study was carried out with the aid of a grant from the Research 
Fund of the University of Minnesota . 

1 Fahr, G E Hypertension Heart, J A M A 80 981 (April 7) 1923 

2 Mortality Statistics, U S Census Bureau, Washington, Government 
Printing Office, 1922 

3 Alvarez, W C , Wulzen, R , and Mahoney, L J Blood Pressures in 
Fifteen Thousand University Freshmen, Arch Int Med 32 17 (July 15) 1923 
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women tends to drop during the first yeais of adult life These figuies 
seemed suipnsingly high and so have been compared with the blood 
pressure readings of the freshmen men examined at the University of 
Minnesota The examinations of the women students have been made 
under somewhat different conditions and so will be studied separate!} 
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Fig 1 — ^Actual sjstohc blood pressure readings of 1922 group, each dot 
representing one case 

TECHNIC EMPLOYED 

Ever} student who enters the University of Minnesota is lequired to 
have a complete physical examination at the time of his mati iculation 
Blood pressuie readings are taken as a matter of loutine as pait of this 
examination The auscultatory method is used with merctir} manom- 
eteis or recenth standardized aneroid instiuments The technic 
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ejnplo}ecl is descnbed b}- Schneidei ^ in connection with his caidiovas- 
cular eflicienc\ test The student reclines on a bed foi seveial minutes 
belore tlie blood pressure leading is taken If on the fiist leading the 
sxstohe piessuie is 140 mm or moie, the examinei passes on to other 



Ijj-xJfH-, D!oodrxi3utT:(mm.oIltj) 

Fjp 2 — \clunl systolic blood pressure readings of 1923-1924 group, each 
dot rtprcseiuing one case 

students and returns to take a second reading in five oi ten minutes 
This reading is then recoided In the 1922 examinations second read- 
ings weie not made, tlie original leadings being recoided For this 
reason the students examined in 1922 are studied as a separate group 
from tliose examined in 1923 and 1924 

4 Sclincider, E C Cardiovascular Rating as a Measure of Physical 
F.itigiiL and EfTiciency, J A M A 74 1501 (May 29) 1920 
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STATISTICAL ANALYSIS 

The blood pressure records weie tabulated and analyzed according 
to various statistical methods to test their reliability and to show 
tendencies in the groups In the 1922 group, theie were 1,686 students 
and in the 1923-1924 groups, 3,436 students, making a total of 5,122 
men in the entire series 



inYe^rs 


Fig 3— Average blood pressure of each age group and of the total in each 
of the three calendar jears, 1922, 1923 and 1924 

Figure 1 IS the tabulation of the actual blood pressure readings 
according to age for the 1922 group Figure 2 is a similar tabulation for 
the 1923-1924 group These charts show the great tendency of exam- 
iners to read to even numbers and particularly to tens In these 5 000 
examinations there were almost no pressures recorded as 119 or 121, 
and less recorded as 125 than as 124 and 126 
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TABULATION OF TOTALS 

Ihe total nunibci of students whose blood piessiues weie used in 
tins study was 5 122 Of these. 1,686 enteied the Universit}'- in 1922, 
1 826 in 1923 and 1,610 in 1924 Because of the slight differences in 
tcchnic aheady dcsciibed, the 1922 gioup has been tabulated separateh 
iioni the 1923 and 1924 gioups In his studies Alvaiez has ai ranged 
the blood pressuies in such gioups as 100-104, 105-109, etc^ Tables 1 
and 2 show oui leadings arianged in the same manner As can be seen 
e\en fiom these tables, the chief giouping of piessiues is between 110 
and 130 In the 1922 group, the foui students 19 yeais of age with 
jucssuic between ISO and 184 stiikc as unusual It seems piobable 
howexci, that the occuiicnce of all these in one age group is a coinci- 
dence One had In pertln roidism, one aortic i egurgitation, one transient 
Inpcrtension and one persistent hypertension 

A\LR\GES FOR VARIOUS \LVRS 

Figure 3 shows the aierage pressuie of each age gioup for each of 
the thice \eais, 1922, 1923 and 1924 These cuives are quite regtilai 
until the gioups of 25 leais and aboie aie leached In these highei ages 
the a^crages become lower but the gioups aie so small that these figuies 
piobabh arc not leliable The ciine foi 1922 is peisistently the highest 
<ind the one foi 1923 persistenll) the low'est The higher piessures 
lecoided in 1922 mai be due to the diffeience in technic, but there is 
no sucli explanation foi the height of the 1924 cuive This seems to be 
‘•ume ciidcnce of the tendency noted b\ Alvei ez foi blood pressuies to 
\ar\ somewhat m difieient calendai yeais, a point that meiits furthei 
ctud} 

MLISLRLS OF CENTILIL TENDENCY 

The arithmetical mean, in other woids the aveiage piessure, is shown 
giaphicalh in Figuie 3 and has been discussed m the pieceding para- 
ipaph The mean foi the cntiie 1922 gioup is 126 9 mm and foi the 
1923-1924 group 122 7 mm 

The calculation of the unichabiht) (laiiation) of the mean, which 
Xhaie/ calls the standaid dcMation of the mean, w'as made accoiding 
to Rugg’s foimula 

1 he most piobable eiior of the mean then was calculated fiom this 
standard deviation ° In practically all the age gioups this most probable 
enor is very low 

5 am z= — ^ , 5 ^ tfjg standard deviation divided by the square 

V N 

of the number of cases Rugg, H O Statistical Methods Applied to Educa- 
tion, New York, Houghton Mifflin Company, 1917, p 227 

6 The most probable error equals the standard deviation multiplied bj 
0 6745 
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The actual (observed) mode is the pressure occurring most fre- 
quently in any group For the different age groups in the 1922 exami- 
nations the mode varies considerably, but it is 120 mm for most ages 
(Fig 1) In the more dependable 1923-1924 examinations, the mode 
varies only between 118 and 120 mm , 120 mm being by far the most 
common (Fig 2) 



Fig 4 — Standard deviation, as given in Table 1, for each age group 

The calculated modes have been computed according to Pearson’s 
method ‘ These calculated modes for each age group are lowei in all 
years than the obseived modes 

The median pressure is the middle figure, that is, the pressure that 
has just as many readings above it as below it In 1922 the median 
\aried between 121 and 128, with the median of the total 126 In the 
1923-1924 group, the variation was between 116 and 122, with the 
median of the total 122 


7 The calculated mode equals the mean — 3 (mean — median) 
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Arc \SURES OF VARIABILITY 

Some ideas as to the leliabiht}’- of statistical data can be obtained by 
computing the standard dcMation, the coefficient of variation, and the 
most probable ciroi ® 

The Aanabibt) of the standaid deviation and the coefficient of vaiia- 
tion m the diflerent age gioups is shown in Tables 1 and 2 and Figuies 
4 and 5 Ibe smallness of these measuies and the legularity of the 
gi aphs shov s that statistically the figui es are i ehable except in the higher 
age gi oups . in these the totals ai e too small to be of value 

SKEW NESS or THE CURVES 

Ain ciirAcs diawn thioiigh the high points of the individual leadings 
as shown in Figures 1 and 2, w'ould be extiemely ii regular and veiy 
confusing Fuithcimoie, the small diffeicnccs in piessure that would 
make such cunes incgulai aic of so little clinical significance that the 
curAcs would be misleading A bcttei idea can be obtained fiom 
pcicentage fiequcncy diagiams sliowm in Figures 6, 7, 8 and 9 In 
prcpaimg these charts, groups of ten w'cie used because most physicians 
think of blood picssuics as being “around 120 mm , aiound 130 mm , 
.uound 140 mm ” etc , and the leadings most fiequently lecorded, 
1 c, 110 mm, 120 mm, 130 mm, 140 mm, etc, were used as the 
midpoints of the groups The figuies m each gioup wcie then reduced 
to jicicent.iges and plotted 

'Ihc^'C giou])s weic jiiefcned to the ones given by AlvaiC/C because, 
if one uses groups such as 120-124, 130-134, etc , with high points, such 
.is 120 and 130, at one cxtiemc (Figs 1 and 2), and then assumes that 
the data are c\ciih distiiliulcd wulhiii the gioups, the conclusions will 
not be .absoluteh .accuiatc If gioups of five aic picfcired, they should 
be fiom 118 to 122, fiom 123 to 127, etc 

In the 1922 examinations, the pcicentage of piessuies between 115 
and 124 mm is highest in six of the age gioups, and the percentage 
between 125 and 154 mm is highest m seven of the gioups Of the 

8 The St itul.ird cIc\i.ition aa.is calcul.atccl according to the formula 

- (A^ - A, r 

S D = \ x\ 

= Xumhet of cases having each pressure 
cl = DcMation of the pressure from the median of the group 
N =: '1 ot il number of casts in the group 
= True average 

A, = Even average used m calculating 
1 he coefficient of variation eciuals the mc.ui divided by the standard devia- 
tion, <ind the most prob.iljlc error ec]Uiils the standard deviation multiplied by 
0 6745 
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entire class, 34 per cent had pressures between 115 and 124 mm and 31 
per cent between 125 and 134 mm In the 1923-1924 group, howevei 
the percentage ^^lth pressures between 115 and 124 mm is highest for 
all ages and the percentage betvi'een 125 and 134 mm is second in all 
but two of the age groups The distributions for the various ages in 
1923-1924 are ver}'^ similar All of them, of course, are skewed toward 
the high pressures the lowest pressure recorded being 90 mm 30 mm 



Fig 5 Coefficient of variation, as given in Table 1, for each age group 

below the mode, while the upper limits are from two to three times 
as far removed from the mode 

The measure of skewness was calculated according to Pearson’s 
method ® This measure is higher for most ages than is recorded by 
Alvarez but with the lower modes m our senes, our cunes natuialh 
would be more skeu ed 


9 The measure of skewness is obtained by dividing the difference between 
the mean and the mode bj the standard deviation 
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SUMMATION CURVES 

The summation cmves (Fig 10, 11 and 12) have been plotted fiom 
tlie pcicentages shown m Figures 6, 7, 8 and 9 The fiist point on each 
cur^e ^\as obtained b} taking the percentage of pressuies between 85 and 
94, the second point by adding to this figure the peicentage between 95 



Fjg 6 — Percentage frequency of various pressure groups of 10 mm for each 
age in 1922 

and 104, the third point by adding to the sum of the fiist two the 
percentage between 105 and 114, and so on Consequently, the numbers 
to the left of any peipendicular line lepiesent the peicentage of cases 
below the pressure repiescnted by that line, while the numbers to the 
light of the peipendicular line represent the percentage of cases 
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above that pressure These curves were di awn through the points thus 
obtained without smoothing Fifty pei cent on such a graph represents 
the median The skewness of the curves toward the higher pressures is 
clearly shown These figures also show at a glance the very slight 
variation m the pressure curves of the different age groups, and the 
small percentages with high piessuies 



Fig 7 — Percentage frequency of various pressure groups of 10 mm for 
total 1922 group 

PERCENTAGE OF HYPERTENSION 

It IS generally believed that a peisistent systolic blood pressure of 
140 mm or more is abnormal in young persons, and many feel that even 
130 IS beyond the upper limit of noimahty In the 1922 group, 16 2 
per cent had pressures of 140 or more , and 40 9 per cent pressures of 
130 or more In the more carefully examined 1923-1924 gioup, only 
9 per cent had pressures over 140 and 26 4 per cent over 130 These 
percentages are considerably lower than the ones given by Alvarez, viz 
22 per cent exceeding 140 and 45 pei cent exceeding 130 In our 1922 
group, 1 3 pel cent had pressures of 160 mm or more and 0 6 per cent , 
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o£ 170 mm oi moie, m the 1923-1924 gioup only 0 5 pei cent had pies- 
suieb of 160 mm oi moie and 0 1 pei cent of 170 mm or more The 
incidence of hypei tension, as shown iii Figuie 13, vanes but little for 
the difleieut age gioups and theie is no geneial tendency, as Alvaiez 
found, for the pressnics to be highei in the youngei age groups 


5533 S* 535 53 33 



Fig 8 — Percentage frequenej of ^anoMS pressure groups of 10 turn for each 
age in 1923-1924 


RHCXAMINAIION OF STUDENTS WITH HYPERTENSION 

Aftei noting the rathei high incidence of hypei tension as recoided on 
the 1922 and 1923 examinations, an attempt was made to obtain some 
information as to the significance of these findings With this in mind 
each student whose systolic piessuie was iccoided as being 140 mm or 
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more was requested to report for reexamination No compulsion was 
used to bring these students back, and no attempt was made to check on 
those who had left the university Out of a total of 389 who were 
recorded as having this degree of hypertension, 209, or 53 7 per cent , 
were reexamined Some were leexamined only once, otheis two, three 
or four times, the average number of reexaminations being 1 7 

Table 3 — Suviinajy of Rccxammalton of Students Who on Fust Evamination 
Had Systolic Picssuies of 140 Mm or Moie 


Secondarj Pnimrj Hjpertonsion 

Total Hvper- , , 

Reexamined tension Transient Intermittent Persistent Total 

A A. A J . A A 


^,ge 

No 

Per 
Cent * 

No 

Per 
Cent * 

No 

Per 
Cent * 

No 

Per 
Cent * 

No 

Per 
Cent * 

No 

Per 
Cent * 

lb 

8 

18 6 

3 

70 

3 

70 

1 

23 

1 

23 

5 

11 6 

17 

29 

13 0 

3 

1 3 

15 

68 

6 

26 

5 

23 

26 

11 ( 

IS 

53 

11 5 

1 

02 

30 

65 

13 

28 

9 

1 9 

52 

11 2 

19 

43 

117 

5 

14 

23 

62 

12 

3 3 

3 

08 

38 

10 3 

20 

15 

6 4 

2 

09 

6 

26 

5 

21 

2 

09 

13 

56 

21 

18 

11 5 

0 

00 

7 

4 5 

5 

32 

6 

38 

18 

11 5 

22 

10 

92 

0 

00 

4 

37 

3 

28 

3 

28 

10 

92 

23 

9 

11 8 

2 

26 

4 

53 

3 

40 

0 

00 

7 

93 

2i 

7 

11 9 

0 

00 

4 

68 

1 

1 7 

2 

34 

7 

119 

25-26 

10 

13 5 

3 

4 1 

5 

68 

2 

27 

0 

00 

7 

95 

27-30 

5 

75 

2 

30 

2 

30 

1 

1 5 

0 

00 

3 

4 5 

31-35 

1 

5 0 

0 

00 

0 

00 

1 

50 

0 

00 

1 

50 

30-40 

1 

15 6 

1 

15 6 

0 

00 

0 

00 

0 

00 

0 

00 

Total 

209 

110 

22 

1 > 

103 

54 

53 

28 

31 

16 

187 

98 


’’ The percentage of the age group as a whole has been calculated by assuming that the 
findings m the ISO with hypertension nho nere not reexamined nould correspond to the findings 
of the 209 reexamined and recorded in this table 


RECLASSIFICATION 

On the basis of the results of the reexaminations, the students were 
divided into two main groups, primary hypertension and secondary 
hypertension The primary hypei tensions were fuither divided into 
transient hypertension, those with systolic pressures under 130 mm on 
all but the first examination , intermittent hypertension, those with the 
majority of readings over 130 mm , and persistent hypertension, those 
with all readings 140 mm or more Table 3 shows the age distiibution 
and the calculated percentage of students in each of these groups This 
calculation of percentage is made on the assumption that the 180 students 
with systolic pressures of 140 mm or more who were not reexamined 
would have shown the same occurrence of secondary transient, intermit- 
tent and persistent hypertension as the 209 who were reexamined The 
senes, of course, is too small to justify fully such an assumption but it 
IS made in order to get some idea as to the proportions of these various 
groups in the student body as a whole 

SECONDARY HYPERTENSION 

Whene^ er the physical examination revealed any condition that might 
cause an increased blood pressure, the case was considered as one of 
secondary hypertension In Table 4 these various conditions are shown 
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H}peith} roidism was diagnosed foui times among this group Heait 
lesions weie consideied as a cause of hypei tension only when theie was 
a delect of the aoitic valve These cases weie easily lecognized because 
of the accompanying low diastolic piessuie The diagnosis of nephiitis 
was based on the peisistent occuiience of albumin and casts m the uiine, 
a dcci cased ability to secrete concentiated urine as shown b}!- the Mosen- 
thal test and. in some cases, an inciease of the blood metabolites It is, 
of conr'^e. possible that in some of these students the niinaiy findings 
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Fifi; 9 — Pcrccnl.Tgc frequency of various pressure groups 
tot.il 1923-1924 group 


of 10 mm 


for 


wcic caused bi an aitciiosclciosis in the kidneys, the cases actually 
belonging in the gioup of piimaiy hypei tensions 

Ten students in the group reexamined showed albuminuria with no 
othci evidences of ncphiitis Kight of these had transient, one mtei- 
mittcnt and one peisistent Inpei tension Sinee hypei tension and this 
t^pe of albuminuiia may be evidences of the same general condition, 
these ten students wcie consideied as having piimaiy, lathei than 
sccondaiy liypertension The calculated piopoition of the 3,538 students 
who show^ed a secondaij' hypei tension w^as 1 2 pei cent 
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PRIMARY HYPERTENSION 

When no condition could be found which would account for an 
increased blood pressure, the case was considered as one of primal y 
hypertension A calculated total of 9 8 per cent of the entire number 
examined in 1922 and 1923 showed such primary hypertension '1 he 



occurrence of this condition among the various age groups is suipiis- 
ingly umfonn, except for the 20 year old group, in which it is only 5 6 
per cent The groups of students above 25 years of age are too small 
for the percentages to be of much significance 

On reexamination the cases with primary hypertension were further 
subdivided into transient, intermittent and persistent hypertension 
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trvnsicnt hypertension 

\V hen a student s systolic blood pi essui e was recoi ded on the first 
exaniination as 140 mm oi more but on subsequent examination was 
al\\a\s found to be below 130 mm , liis condition was considered as one 
of ti ansient In pci tension In these students the increased blood pressure 



Fig 11 — Percentage summation curves foi each age group in 1923-1924 

piobably was caused chiefly by the excitement and hurry of umveisity 
registiation , consequently, it probably has little if any significance A 
calculated total of 5 4 pei cent of the entiie class had transient hyper- 
tension The distribution by age groups shows the condition most fre- 
quent in students of 16, 17, 24 and 25-26 years 
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One would expect more excitement over entering college among 
students of 16 and 17 years than among students a few years older It 
also may be surmised that students who enter college at the age of 24 
3 ears oi more tend to comprise a group more emotionally unstable than 
would be found in a cross-section of the population of the same age 
group Some of these older students may have been teaching school or 
doing other work for years in order to save sufficient money to go to 
college To them this event, of course, would be accompanied by a 
considerable amount of exhihration Others, after leaving high school, 
ma} have been unsuccessful in business and so turn to college with the 
hope that their deficiencies may be overcome The number of these 
older students, however, is too small to be significant The low per- 
centage of transient hypertension in the 20 year old group is striking 
but no explanation is apparent 


Table 4 — Causes of Secondaiy Hypo tensions 



Transient 

Intermittent 

Persistent 



Hypertension 

Hypertension 

Hypertension 

Total 

Hyperthyroidism 

0 

0 

4 

4 

Heart lesion 

1 

2 

6 

9 

Chronic nephritis 

0 

4 

4 

8 

Chorea 

0 

1 

0 

1 

Total 

1 

7 

14 

22 


INTERMITTENT HYPERTENSION 

When the original blood pressure record was 140 mm or more and 
the majority of subsequent readings over 130, the case was called one of 
intermittent hypertension The calculated total in this group was 2 8 
per cent The distribution, according to the various age groups, is quite 
uniform It is impossible to say what the significance of this condition 
IS, but it seems that when a young person frequently has high blood 
pressure, he must be at least a prospect for permanent hypertension 
later in life 

PERSISTENT HYPERTENSION 

When the blood pressure was 140 or more on every reading, the 
condition was called persistent hypertension The calculated total of 
students who fell into this group was 1 6 per cent of the entire class 
The occurrence of this condition in the different age groups is somewhat 
irregular, but the groups are too small to be significant What the future 
holds in store for these 3 oung persons with persistent hypertension, one 
cannot say definitely, but the group is worthy of particular study from 
man 3 standpoints especially as to familial tendencies with relation to 
1 h pertension and as to the further course of these individuals in relation 
to their systolic hypertension and the development of hyperpiesis, essen- 
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tial liypei tension and cai diovascular diseases Fishei of the Noith- 
A\cstciii Mutual Life Insuiance Company lepoits that the death late 
among /43 peisoiis between the ages of 16 and 29 who weie i ejected 
foi life insurance because of svstolic blood piessuies of from 10 to 
50 mm oi more o\ei the aveiage for the age was 195 9 pei cent of the 
expected late, tliat is, the actual death late was almost double the 
expected death late Among peisons of highei ages, the latio was 
still gieatci 



Pig 12 — Percentage summation curves for entire 1922 and 1923-1924 groups 


WEIGHT AND HYPERTENSION 

The tendency foi hypci tension to be most frequent in overweight 
people has been pointed out by life insuiance companies and is now 
rather common iiifoimation With this in mind, a piehminaiy study 
of the weights of the students who weie leexammed for hypei tension 

10 Fisher, J W Report of Blood Pressure Committee, Proc A Life Ins 
M Directors of America 9 59, 1922-1923 

11 Pluntcr, Arlliur Weight and Blood Pressure, Proc A Life Ins M 
Directors of America 7 199, 1920-1921 



170 


ARCHIVES OF INTERNAL MEDICINE 


was made This did not include a thorough statistical analysis of the 
data The results are given in Table 5 On this table no relationship 
between weight and transient or intermittent hypertension is apparent 
In the small group that showed persistent hypertension, however, the 
most frequent percentage to occur, i e , the mode, was 108 per cent of 
normal , the average, i e , the mean, was 106 6, and the median was 103 
Only 3 4 per cent were below 90 pei cent of normal weight, while 24 1 
per cent were over 110 per cent of normal weight for age and height 
This would suggest that even m young people there may be some rela- 
tionship between weight and persistent hypertension 


Table S — Weight of Students with Hvpei tension'^ 


Under O'ver 

90 per Cent 110 per Cent 



Section 

No of 
Cases 

Mode 

(Actual) 

Mean 

Median 

of Normal 
Weight 

of Normal 
Weight 

A 

Transient hypertension 

91 

100 

98 2 

100 

16 4% 

12 0% 

B 

Intermittent hypertension 

51 

92, 108 

100 3 

100 

13 7% 

17 6% 

C 

Persistent hypertension 

29 

108 

106 6 

103 

3 4% 

241% 


lotal average 

171 

108 

103 3 

ICO 

13 4% 

15 8% 


* The figures in the first tour columns of this table represent the percentage that the 
iveight IS of normal Calculations arere made according to age and height avith the use of 
the table of the Prudential Life Insurance Companj 

VITAL CAPACITY AND HYPERTENSION 

Table 6 displays the vital capacity readings, expressed in peicentages 
of normal, of the students m the various hypertension groups In 
general the vital capacity seems high, but no relationship is evident 
between the type of hypertension and the percentage of vital capacity 

COMMENT 

Although the etiology of hypertension is not yet undei stood, various 
contributory factors in its production, such as age, weight, etc, have 
from time to time been pointed out Symonds,^® in a statistical study of 
the blood pressures of 150,419 persons accepted for life insurance, found 
a difference of about 14 mm between the systolic pressures of persons 
of light build and persons of heavy build, and about 11 mm difference 
between the youngest and oldest age gioups Bell and HartzelP^ 
emphasize the importance of body weight over age and show that the 
age increase in the average heart weight is due to increased body weight 
and the inclusion of cases of hyperpiesis From this they inferred that 

12 Mjers, J A Studies on the Respiratory Organs in Health and Disease, 
Am Rev Tuberc 7 161 (May) 1923 

13 Sjmonds, B The Blood Pressure of Healthy Men and Women J A 
M A 80 232 (Jan 27) 1923 

14 Bell, E T , and Hartzell, T B Studies on Hypertension The Relation 
of Age to the Size of the Heart, J M Res 44 473 (June) 1924 
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tlie age mcicase in blood piessuie is due to similar factois Weitz and 
others have obser\ed the heieditaiy or familial chaiacler of hyperten- 
sion \lvaic7 ’ discusses the significance of such possible factois as 
sex the wai , the influenza epidemic, etc And most physicians at one 
time 01 anothei haie obseived the gieat tendency of excitement and 
ncnoiisness to inciease blood piessuie 


1 MILE 6 — I ital Capacity of Students zuith Hypci tension 
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On the basis ot the studies icpoited in this papei, it would seem that 
theie are ‘5c\cial lactois that may be etiologic in the pioduction of high 
blood picssures in 30 ung poisons On the leexamination ot 209 stu- 
dents ^\ho on the cntiancc plnsical examinations showed systolic pies- 
sines of HO mm oi moie. 11 pei cent weie found to have oiganic 
diceases, such as h 3 ’pcitli 3 ioidism, aortic legurgilalion, chionic nephiitis, 
etc , to vhich the Inpertcnsion observed probably was secondaiy Only 
15 per cent of the students with piessures of 140 mm oi more on fiist 
examinations showed peisistent elevation of blood piessuie This is the 
gioup with I cal piimai 3 hypei tension, the cause of which is, as yet, 
unknown Twcnt 3 -fi^c pei cent of the gioup had intcimittent hypei - 
tension a condition tb.it man 3 believe wnll develop in latei life into a 
peisistent h 3 pci tension The othei 49 pci cent had meiel 3 ^ tiansieiit 
In pci tension These tiansitoiy inci cases of systolic blood piessuie aie 
ics])onmble foi about h.ilf the high blood picssuies obseived among 
unncrsih ficshmcn It is piobably tiue that ceitain individuals aie 
mcnc sinecimble to uses of blood piessuie Iban othei s, but the imme- 
diate cause in most cases is excitement oi ncivous tension In oui 
studies it w'as noted that blood picssuies w^cie low''ei when piecautions 
w'^crc t.iken to eliminate excitement Shepaul and DiehH'’ pointed out 
th.it hvpci tension is moie ficqucnt among students fiom small com- 
munities than among those fiom laigei cities In studies on the need 
foi mental Ingiene among college students, Moiiison and DiehH’^ 
observed that among students of a pS3’’choncui otic nature the peicentage 

15 Wcit/, W Zur Aelologic rlcr gcnnincn oclcrvasciilarcn Hypertension, 
Ztschr f khn Med 96 ISl (T.in 27) 192 1 

16 Shepard, W P , and Diehl, H S Rural and Urban Health, JAMA 
83 1117 (Oct II) 1924 

17 Morrison, A W, and Diehl, H S Mental Hygiene Needs of Fresh- 
men, JAMA 83 1666 (Nov 22) 1924 
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of hypertension was twice as laige as among the student body as a 
whole The high incidence of hypertension noted by Alvarez among 
16 and 17 year old students probably was due to the greater excitement 
that the younger boys and girls experience on enteiing college But the 
o-reatest evidence of the influence of excitement is the fact that about 



half the students who showed hypertension on the fiist examination 
were found to have normal blood pressures on reexamination 

The grouping of blood piessures around 120 mm , as evidenced by a 
mode of 120, a mean of 122 7 , and a median of 122, offers no basis for a 
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suggestion that we should modify our ideas as to what constitutes normal 
blood piessures for }Oung persons Symonds reported that the 
a\erage (mean) S 3 ’^stohc piessuie for all builds at 20-24 years was 
124 2 mm Apparently, if the element of excitement can be eliminated, 
the generalh’ accepted standaids for blood pressure are adequate 

This gioup of apparently normal healtliy j^oung adults who already 
haic shoun peisistent hj'pertension offeis an unusual oppoitumty to 
obsei \ e the eflect of h}*pertension on subsequent health and accomplish- 
ment E^ er) possible effort will be made to follow the group both in 
college and in later life 

CONCLUSIONS 

1 A stud} has been made of the systolic pressures of the 5,122 
\oung men \\ho enteied the University of Minnesota in the years 1922, 
1923 and 1924 

2 Greater precautions to eliminate the influence of excitement were 
taken m 1923 and 1924 than m 1922, with the result that the blood 
pressures in these }cais were lower than in 1922 

3 In 1922, 16 2 per cent had s}Stohc piessures of 140 or more, in 
1923 and 1924 onh 9 per cent showed this degree of hypertension In 
the lattei group, onl} 0 5 per cent had systolic piessures of 160 mm or 
more and 0 1 per cent of 170 mm oi more 

4 Tvo hundred and nine students out of 389 who in the 1922 and 
1923 entrance examinations showed S}stohc pressures of 140 mm or 
more, vere reexamined Onh 15 per cent of these pioved to have 
persistent In pci tension 

5 The calculated proportion of the entire group examined who 
showed secondar} Inpertcnsion was 1 2 per cent , transient hyperten- 
<'ion 5 4 per cent , intermittent hypei tension 2 S per cent , and persistent 
Inpertcnsion. 1 6 per cent 

6 Xer\ousncss and excitement seem to be most important factors 
in the production of transient hypci tension in young persons 

7 There seems to be some relationship in this group between over- 
weight and persistent hypertension but none between vital capacity and 
h} pel tension 



PATHOGENICITY OF TRICHOMONAS INTESTINAL! S * 


HIROMU TSUCHIYA, MD 

BATTLE CREEK, MICH 

The question of pathogenicity of TitcJiomonas mtestinahs has long 
been debated without an appaient solution The consensus of opinion 
among parasitologists at present seems to be m favor of nonpathogenicity 
of the flagellate In fact, the majority of textbooks treat the infection 
as of minor importance Barlow ^ states that the increase of tiichomonas 
IS the result and not the cause of the dianhea Manson and Bahr - 
refer to its presence as accidental and not due to a pathologic condition 
Minchin ^ claims trichomonas to be entozoic in the human intestine and 
a harmless scavenger rather than a parasite Howevei, Rhamy and 
Metts ^ cite the incidence of local epidemic and endemic occurrence, 
and all the cases that came under their observation can be frequently 
traced to the same causes as acute and chronic diarrhea 

Lynch ° emphasizes that it is a definitely pathogenic organism, and 
produces a mild enteritis manifested by intermittent diairhea Freund “ 
believes that m some cases of ententis characterized by diarrhea, 
abdominal distress and anemia Tiichomonas hoimms is a direct etiologic 
factor A marked improvement or a complete recovery is obtained by its 
removal or a reduction m the number of the flagellates Smithies ‘ 
reports twenty-one cases of trichomoniasis, most of which aie suggestive 
of a pathologic condition attributable to this infection, in his enterologic 
clinic The catabolic products contained in a large number of these 
parasites may have a considerable influence as gastro-intestmal irritants, 
as one of the causes of metabolic changes in the digesbve glands, and 
as a source of the clinical symptom complex of so-called autointoxica- 
tion Escomel,® strong in his belief of its definite pathology, considers 
its presence is liable to induce in the liver hepatic abscess similar to that 
caused by Entameha dysentei lae The infection usually starts as chronic 

From the Clinical Laboratories of the Battle Creek Sanitarium 

1 Barlow, N New Orleans M & S J 69 299 (Oct) 1916 

2 Manson and Bahr Tropical Diseases, Ed 7, New York, William Wood 

6 Co , p 769 

3 Minchm An Introduction to the Study of Protozoa, London, Edward 
Arnold, 1912 

4 Rhamy, B W, and Metts, F A Trichomonas, T A M A 66 1190 
(April 15) 1916 

5 Lynch, K M Cultivation of Trichomonas and Question of Differentia- 
tion of Flagellates, J A M A 79 1130 (Sept 30) 1922 

6 Freund, H A Arch Int Med 1 28 (Jan ) 1908 

7 Smithies, F Am J M Sc 156 173 (Aug ) 1918 

8 Escomel Lima, Sarmati y Ca, 1919, Bull Soc Path e\ot , Pans 

7 657, 1914 
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with intermittent acute attacks, and often induces ulceiation, beginning 
at the lectum and deci easing in intensity upward At necropsy, Boyd ® 
found pseudomembraneous colitis extending from the ileocecal valve 
to tlie 1 ectum This seems to substantiate the findings made by Escomel 

i\Iusgra\ e brings out the fact that the pathogemcit}' of trichomonas 
in a diairheal condition is geneially accepted b)- experienced clinicians 
in the tiopics, and ci edits it with being a cause of dysentery among 
children He admits, howevei, that theie can be only slight impoitance 
attached to it when piesent m small number in otheiwise healthy per- 
sons and that it is pathologic onl) wdien piesent in large numbers or 
associated w ith othei pai asites Hudley experimented wath turkeys 
and found the flagellates in and beneath the mucosa and submucosa of 
the ceca, and concluded that they piobabl} enteied thiough the goblet 
cells in the glands of Liebeikuhn, foiced in by the peristaltic movement 
of the intestine in a similai mannei to that in wdiich trypanosomes enter 
the body In re[itile and batrachia, according to Phmmei,^- tiichomonas 
are often jnescnt in the circulation, and then piesence is associated with 
a definite and lecogni/alile lesion of the intestinal w’all 

Haughwout^^ attiibutes its pathogemcit} to the pioduction of 
grow’th-inhibitmg as well as toxic substances, to libeiation of injuiious 
metabolic pioducts, to mechanical nutation of the mucous membiane 
when present m laige numbei , to mteifeience wuth absorption b} adher- 
ing to tiie intestinal walls, and to destiuction of the tissues Levy,^^ 
in his findings in tw^ent} subjects following saline puige, reports that 
all the cases can be tiaced to the histoiy of diairhea attacks at some 
time Somew'hat conscnatne view's w'eie expressed by CastellanH® 
and Kofoid and Swe7^ who stated that diarrhea in these cases is often 
dependent on the numbei of tiichomonas piesent Kofoid and Swezy 
fuithei point out pentatiichomonas as a distinct species on account of 
Its .ibilit} to engulf eiythioc}tes and digest them while the tiichomonas 
does not, a point of wew' opposed to the nonpathogemc theor}- advanced 
b} Wen} on and O'Connoi 

9 Bojd, M F J Parasitologj 4 168 (June) 1918, ibid 5 132 (March) 

1919 

10 Musgrnie, W E Flagellate Infestations and Infections Giardiasis, or 

Lainbhasis, Tnclioniomasis , Piowazekiasis, Cercomoniasis, Chilomastixiasis 
and Petramitiasis, J A. M A 79 2219 (Dec 30) 1922 

11 Iludlcy J M Res 36 79, 1917 

12 Plnnrncr Presidential Address, Royal Micros Soc , London, 1912 

13 Hauglnvoiit, F G Philippine T Sc 13 217 (Sept ) 1918 

14 Levy, M D Am J Trop Med 2 1 (Jan ) 1922 

15 Castellani, A J Trop Med 20 198 (Sept 1) 1917 

16 Kofoid, C A , and Swezy, O Am J Trop Med 1 41 (Jan ) 1921 

17 Kofoid, C A, and Swezy, O Am J Trop Med 4 33 (Jan) 1924 

18 Wenyon and O’Connor Human Intestinal Protozoa m the Near East, 
Welcome Bureau of Scientitic Research, 1917 
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During recent months (from July to October), I found considerable 
frequency m the occurrence of flagellates among the patients at Battle 
Creek Sanitarium, and this led me to investigate the question not only 
from the laboratory standpoint but also from a clinical one, hoping that 
a definite solution might be reached The tropical zone is the natural 
climate for Ti ichomoms homims According to Barlow, the flagellate 
infection occurs in 25 per cent of the cases treated , Lynch reported 
20 per cent In this locality, however, 8 per cent should be considered 
as probably the highest number obtainable, although some of our patients 
are from southern districts Barlow,-® however, states that most of the 
patients that came under his observation were from middle and eastern 



Copper bucket, A, handle, B, stopper, C, cover, D, paper pail, E, feces, and 
F, hot water 

states Using -various laborator)'- findings and clinical data obtained 
from the department of internal medicine of the sanitarium, I shall 
endeavor to throw additional light on the subject 

The laboratory method for the detection of Tiichomonas honnws 
need not be described fully here, as it has been presented by Hegner 
and Becker and Lynch and Hogue The method employed in 
connection with this work was a modification of the one described 
by them, and is briefly given here 

19 L 3 'nch, K M South M J 10 286 (April) 1917 

20 Barlow, N Am J Trop Med 4 23, 1924 

21 Hegner, L W , and Becker, E R Parasitology 9 IS (Sept ) 1922 

22 Hogue, M J Waskia Intestinalis, J A M A 77 112 (July 9) 1921 
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METHOD 

Collection of Stool — The stool used m the examination is not allowed 
to become cool at aii)’- time It should be passed diiectly into a papei 
pail (2 cpiart [2 htei] oystei pail with a metallic clasp), and this pail 
placed immediatel} in a waim bucket, as shown in the accompanying 
illustration The ^\alm bucket must have been filled with watei as hot 
as the hand can stand but not boiling The specimen is sent at once to 
the laboiator} foi examination Although Bailow advocates a fresh 
specimen that has not been subjected to external temperature, by using 
this method I often find positive cases when the findings aie otheiwise 
conti ai } 

MiC) o^copic Examination — A direct smeai is made from the stool, 
pieferabh uith a little fragment of mucus if piesent A drop of 
plnsiologic sodium chlorid solution suffices to distiibute the smeai 
uni form!} under a coiei slip The examination is made, on a warm 
stage especially piovided for this pm pose, fiist by low and then by 
high povei to ascertain the morphology of the oiganism It is necessary 
to examine se\eral smeai s taken fiom different paits of the stool befoie 
a definite finding is leported If the case is negative, a pea sized stool 
should be inoculated into the cultuie 

Cult me — The cultuie used foi this pm pose is the ovomucoid medium 
originated b} Hogue It is made as follows The whites of six eggs 
should be beaten thoioughl) vith an egg beatei, gradually mixed into 
600 c c of boiling saline solution, and boiled foi fifteen minutes The 
mixture should be filtered by aid of a suction pump, fiist thiough a thin 
layer of gauze and then through cotton The filtrate should be placed 
m 7 c c tubes, each of vhich should be autoclaved at 15 pounds (6 8 kg ) 
])i assure for tventy minutes A poition of about pea sized stool should 
be inoculated and incubated for tyventy-four hours at 37 C The 
flagellate, if present, is usually found on the suiface of the medium, 
paiticulaih against the sides of the tube Several smeais should be 
carefully sciutinized befoie a negative lepoit is gn^en I found this 
method supeiioi to the diiect microscopic, especially in cases in yvhich 
theie yvas only slight suspicion of a positive finding It is often the case 
that the culture method leveals the motility of flagellates yvhen the 
direct method fails The cyst foimation of the flagellate is not included 
in the consideiation, as several authois aie agreed as to its absence 
Although I do not agiee yvith Lynch entiiel) concerning the possibility 
of cyst foimation, theie is no doubt that the tiichomonas undergoes a 
series of transitional stages in its moiphologv, i e, from a round, 
cysthke stiuctuie to a fully oigamzed, oval foi in yvith a characteristic 
jeiky movement 

~2rT^h New York M J 101 886, 1915 
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Ft ration of Wet Smeai —When a positive finding is made, the 
smear is fixed and stained m ordei to determine the number of flagel- 
lates which differentiate it from Pcntatuchomonas hotmms, present in 
the species Hot Schaudmn’s solution followed by Heidenhain’s iron- 
hemotoxylin is used in the staining 

Moiphology of Tuchomonas Hoimms — This is carefully studied by 
following the description given by Kofoid and Swezy Especial attention 
is directed toward a clear differentiation of the species from Penta- 
ftichomonas homims For full details on the morphology of the flagellate, 
the reader may refer to the article by ICofoid and Swez) 

The pathogenicity of Ttichomonas homims is centered on gastro- 
intestinal symptoms, particularly diarrhea of varying degrees In order 
to make the study conclusive, not only the laboratory findings in feces, 
urine and blood, as well as the metabolism, but also the symptom com- 
plex of gastro-intestinal, cardiac, nervous and nutritional origins have 
been tabulated The entire group of the cases has been divided into 
tuo classes, one having a large number of Tuchomonas homtnis in an 
average microscopic field, and the other a few in each This enables 
the reader to make a comparative study of the cases as to the seventy 
and complication in the clinical entities Further, in several instances 
gastric analysis and differential blood count are added, thus making the 
clinical and laboratory pictures more comprehensive 

Laboratory findings tabulated here are by no means complete Only 
those data necessary for interpretation of the subject have been selected 

FECAL ANALYSIS 

Fecal examination is of prime importance in dealing with flagellate 
infection It has been proved by experiments carefully conducted by 
Hegner that the putrefactive type of bacterial flora is unfavorable for 
the growth of intestinal flagellates, while the aciduric type is favoiable 
for their proliferation His contention on this unique finding is indeed 
\ery interesting Metabolic products of aciduric bacteria piovide a 
medium suitable for Tuchomonas mm is, while indol, skatol and other 
amino-acid derivatives are injurious to the growth and activities of the 
flagellates Thus, with albino rats, he found 1 richomonas miins the 
most abundant after the flora had become fermentative by prolonged 
feeding of the animals with dextrin and a mixed diet I cannot say at 
this moment that his experimental deduction is fully m accord with 
that of Hegner, the full report of which will be published at a later date 
As shown in the accompanying tables, the fecal examination reveals 
seieral items m regard to the presence of blood and mucus, the per- 


24 Hegner R„ W Am J Hygiene 3 180 (March) 1923 
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ccntage of giam-positive and giam-negative bacteria, and the lelative 
piopoition of Bacillus acidophilus. Bacillus zvclclm and Bacillus coh-hke 
oiganisins expiessed b} the plus sign 

Mucus and blood are seldom found in tlie cases in which a laige 
numbei of Ti iclwiiioiiaz hoiiiims aie detected in the stools The finding 
IS contiai} to what Woodcock, L}nch, Escoinel and Rhainy have 
brought out I agree with Levy m making a statement so conseivative 
as “a few instances Smithies found blood in sixteen cases out of 
l\\ent\-one, but in none of twenty cases (Table 1) that came undei our 
obvt'nation was blood eMdent eithei chemically oi macioscopically It 
tends to pro\e that Ti icJwiiioiiaz hoininiz, difieiing from Eiitamcha 
d\'zi ill Cl lac, IS not a hcmol} tic protozoa , neither has its presence any i ela- 
tion with inflammatoiy changes bi ought about in the intestinal wMl, if 
.m\ are piesent Diairhea, so chaiactenstic of the infection, as w^ell as 
the blood and mucus findings, as indicated b} many authois, piovide the 
basis in some part of the piesent stud} 

The terminolog\ of “noimal stool” as defined by Smithies in his 
article is not cleai to me How'cvei, thioughout all oui cases theie has 
not lieen a single stool w'liich could be called “normal” in a bacteiiologic 
sense The findings, therefoie, correlate with those of Smithies and, 
incidental!} aie quite contraiv to wdial liegner advocated in his experi- 
mental stud} B acidophilus exhibits neither symbiosis noi antagonism 
in connection wuth the presence of Tiichoinonaz homiiiis in the stools 
\\hate\ci ma} be the metabolic pioducts of B acidophilus and of 
putrefactuc bacteria, no appieciable efiect is noted on the piohfeiation 
of the flagellates Thioughout all the cases, the piedominance of coh- 
like oiganisins cannot be disputed Coupled w'lth this, B zvclclm is 
jiiesent in all, thus pioMiig that indol, skatol and h^diogen sulphid are 
little hindrance to the giowUh and multiplication of Ti ichomonas 
homiiiiz It IS safel} stated, theiefoie, that the type of intestinal flora 
IS independent of the flagellate Regardless of the flagellates, the flora 
depends exclusuel} on the condition of nutiition and the kind of diet 
gnen 7'be puticfactne floia haibois Tt ichomonas hoininis as fre- 
quent!} <is the feimentative type The change of floia fiom aciduiic to 
putiefactne does not exhibit any advantage in decrease of the number 
of 7 1 ichomonaz hominiz, and the determination of the infection can never 
be indueed by feeding the patients a diet favoiable for the proliferation 
of jiutiefactive bacteria Such an assumption reqiares no comment on 
the thera]ieutics of the disease 

Contrar} to Hegner’s belief, the tiansfoimation has taken place, 
though slowdy, as Tuchomonaz hoinnnz disappeared fiom the stools. 


25 Woodcock J Ro}^ Army M Corps 29 290, 1917 
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The carboh} drate diet exaggerates the peristalsis of the intestine in 
such a way as to expel its content very rapidly, thus, the absorptive 
power of the intestine, particularly of the ascending and transverse por- 
tions, becomes more or less retarded, and this affords a chance for the 
flagellates while actn ely motile to escape into the stools In the condi- 
tion of putrefactne flora, however, the toxic products arc quickly 
absorbed b} intestinal mucus, and the feces are formed or of scybalic 
consistenc} — the result of complete absorption During the absorptive 
process of the intestine, a large number of Ti ichomonas hommts lose 
their morphologic characteristics , some even undergo structural changes, 
and doubtless partial or complete dissolution of protoplasm may be 
brought about In my experiment with albino rats, at levels further 
auay from the ileocecal valves, the number of Ti ichomonas mia is became 
noticeably diminished Thus, in the cecum the average number of 
Ti ichomonas inuus in the rats fed with stock diet was eighty-twm, at 
the hepatic flexure, five, while m the descending colon it was three, and 
in the feces, one This can be explained by the greater absorptive 
power of the ascending and the trans\erse colons and the fact that the 
cecum fails to function In the putrefactive condition, the sojourn of 
the flagellates in the cecum is explained by the favorable alkalinity and 
also b\ the lessened omvard migration of fecal matter from the cecum 
to the low er part of the colon 

l;RIKA.RY' A.XALYSIS 

Urmar}' examination is not considered as important as fecal, since 
the infection is pnmarily of intestinal origin Only the few data neces- 
sar> for the interpretation of the flora are tabulated, together wuth the 
albumin, sugar and types of casts Indican, indol, acetic acid and toxin 
tests serYe the purpose m dealing with the bi-products of putrefaction 
In looking over the table, irregularity of findings is noted despite the 
presence of a large number of Ti ichomonas Jiommis in the stools The 
possible relationship of the flagellates to putrefactive bi-products, as 
mentioned b} Hegner, is quite doubtful in view of our clinical 
observations 

METABOLISM 

The metabolism of the subjects show^ed no appreciable variation in the 
stud} ICone of the patients presented abnormality in carbon dioxid 
tension, w'lth the exception of one or two In these this was attributed 
to the organic diseases from w'^hich the patients were primarily suffering , 
the flagellate infection had no bearing on the condition These carbon 
dioxid tension findings correlate with those made by Barroiv The 
presence of acetone in expired air in a few instances does not bear 
out the pathogenicity of flagellate infection 
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BLOOD ANALYSIS 

Next to the fecal examination, the blood analysis gives an index no 
less impoitant in the clinical study of trichomoniasis In most para- 
sitologic diseases, the secondaiy anemia and eosmophiha are common 
occurrences Musgrave and Smithies attribute the low hemoglobin and 
low red blood count m the infection to the pathogenic effect of 
liicliomonas Jwinnus, while Bairow asseits that the blood picture 
remains constant, if there are no othei diseases present that could account 
for the abnoi mailt) m the hematologic pictuie Throughout there was 
no case m yIiicIi hemoglobin was higher than 90 per cent in the first 
series, and 91 per cent m the second, while the lowest were 67 and 
63 pel cent, respectuel) The numbei of erythrocytes piesented a 
practicall) normal picture with the two exceptions m which the lowest 
hemoglobin \\as quoted If it is gi anted that the comparatively low 
hemoglobin Yith noimal led cell count is of flagellate origin, the clinical 
picture thus shown is nothing but the result of the average findings 
olitainable in such a series of cases and cannot be attributed solely to 
the trichomonas infection One of the exceptional cases cited above 
w as diagnosed as pei nicious anemia Out of ten cases of trichomoniasis, 
rreund found tw'o associated wnth pernicious anemia The white cell 
count show'cd a wude vai lation, from 5 400 to 10,200 Leukopenia was 
more prc\alent in the whole series than leukocytosis Although Barrow 
a<5scrts that leukopenia occurs m any piotozoan disease, it cannot be 
interpreted as a consequence of the trichomonas infection, as these 
patients came here pnmaril) for tieatment foi some other chionic dis- 
ordei of nerAOus, cardiac or nutritional oiigin In such, leukopenia 
ma) occur 

Diri'LRCNTINL BLOOD COLNT 

\ difierential blood count w'as made on five cases m wdncli marked 
eosmophiha wms absent The highest eosinophil count obtainable was 
2 3 per cent and the low^est 1 pei cent The test w^as added in case the 
blood picture w^as suggestive of anemia, either piimaiy or secondaiy In 
each instance, there w^ere some nregulaiities m the morphology of the 
er}throcytes Fiom this finding coupled with the blood count and 
hemoglobin determinations, the cases were diagnosed Rhamy and 
Metts report a moderate degree of eosmophiha, from 6 to 12 per cent , 
in all the cases, while Smithies quotes sixteen cases of eosmophiha out 
of tw^enty-one Bairow states that there were no cases of trichomonas 
infection that showed a single eosinophil m several examinations of blood 
stains Eosmophiha is considered as one of the clinical indexes to most 
of the parasitic infections, but with trichomoniasis it has no particular 
bearing 
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GASTRIC ANALYSIS 

A fractional gastric test also was made in eight cases in which there 
were three cases of hypochlorhydria, one case of hyperchlorhydna, two 
cases of achylia and two cases of normal acidity The tables given here 
tend to show that hypochlorhydria is more frequently found with 
trichomoniasis than otherwise Marked hypochlorhydria was observed 
by Levy, and eleven cases of achylia and eight cases of hypochlorhydria 

Table 2 — Cases in JVhtcIi Fiji 
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by Smithies Although our senes do not bear out the high abnormal 
findings of Smithies, there is a tendency toward the predominance of 
hjpochlorhydna, if any The findings, however, are not conclusive, as 
such a condition may be attributable to metabolic and nutritional dis- 
turbances, from which the majority of our patients suffer and which 
are, in mj opinion, an accidental coincidence in the course of 
trichomoniasis 
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The clinical s}mptoms tabulated here aie the sum total of the present 
complaints of the patients absti acted fiom case histones, togethei with 
the necessar) data obtained thioiigh physical examinations b> then 
attending physicians Foi the sake of convenience, I classify the symp- 
toms iindei four headings gastro-mtestinal, nenous, circulatory and 
nutiitional distnibances, the first being the most important and the rest 
moie 01 less subsidiary to the fiist 
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GASTRO-INTCSTIKAL SYMPTOMS 

Pam — This pant may be eithei epigastiic oi colonic The epigastric 
pain may be mtei preted as of mechanical, chemical and nervous oiigin, 
and the colonic as due either to local or functional disturbances Local 
pain and tenderness that is not accompanied by a constitutional mani- 
festation has little diagnostic value Out of tyventy cases in Table 1, 
ten had this symptom , m Table 2, five In these series, the pain symp- 
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tom occurred m one-half the cases, seven of which were epigastric in 
nature In the majority of the cases, the abdominal pain was distributed 
in the right iliac fossa, which is suggestive of cecal disorders 

Flatulence — This was a very common occurrence in our cases, 
especially in those with intestinal putrefaction The symptom was 
prevalent in 90 per cent of the first series and in 80 per cent of the 
second The flatulence may have a vague significance, but depends 
largely on the associated disorders, chieflly of gastro-intestinal origin 
Nausea and Vonuhng — Nausea was shown m six cases of the first 
series and m two of the second, and there were only two patients in the 
whole series who vomited Nausea and vomiting m these series were 
brought about by pernicious anemia, diabetes and nervous reflex due to 
irritation of vagus and phrenic nerves or perhaps to organic diseases of 
the central nervous system, and are by no means symptoms referable 
only to trichomoniasis 

Conshpahon and Dmuhea — The pathogenicity of tiichomoniasis has 
been based chiefly on the production of diarrhea, either acute, chronic or 
intermittent This has been emphatically brought out by Woodcock, 
Rhamy, Freund, Smithies, Lynch, Bairow and Escomel In their 
clinical s)miptomatology, without diarrhea there is nothing to indicate 
that Tnchomonas honums plays a pathogenic role A remarkable con- 
tradiction was shown in our series, m which there were only two cases 
of diarrhea out of thirty cases of tnchomoniasis, while constipation 
occurred in nineteen cases of the first senes and in six of the second, and 
the remainder had neither constipation nor diarrhea in their clinical 
histones Moreover, constipation was an outstanding feature in 
trichomoniasis in our experience It can be safely stated, therefore, 
that diarrhea, if present, is due to some other factor of mechanical, 
chemical or nervous origin I agree with O’Connor and Wenyon that 
diarrhea is a more or less accidental happening in the course of a 
disease due to some other causes While trichomonas may be associated 
vith a diarrheal condition, it cannot be considered as a cause of diarrhea , 
this has been clearly proved in our daily examination of stools in which 
Tuchonwnas honums is seldom encountered m wateiy specimens Some 
of these cases of diarrhea have been attributed to the excessive fer- 
mentative activity of intestinal bacteria, while the consideration of 
Giai dta (^Lanihha honums') and Eutaineha dysentej lae m this connection 
also may deserve special mention 

PROCTOSCOPIC EXAMINATION 

Proctoscopic examination shows that the majoiity of the cases of 
trichomoniasis have been diagnosed as spastic colitis or stasis at some 
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point in the colon These findings are further suggestive of constipation, 
coinmonl} prevalent among the patients 

NERVOUS SYMPTOMS 

Nei\ous S}mptoms, such as headache, iiritability and insomnia, 
cannot \ei} ^^ell be considered as lesulting from the trichomonas infec- 
tion and aie either the result of some other pathologic condition or of 
a neuropathic tendenc}’’ re\ealed m the history These aie tabulated 
meieh to present some data necessary for comparison with the studies 
made b} othei authors It is evident that the symptoms mentioned m 
the foregoing are more referable to intestinal autointoxication than to 
an\ othei single factor 


NUTRITIONAL SYMPTOMS 

General debiht>, such as loss of weight a geneial lun down condi- 
tion and fe^er are not attributable to the tiichomoniasis alone Any 
disease related to disturbances m nutrition or of a systemic natiiie, so 
common among our patients, manifests similai results 

Ner\ous and nutritional symptoms, theiefore, are not to be con- 
sideied as conclusive ewdence of trichomoniasis, but instead are the 
common symptoms of man) chronic ailments Accoiding to other 
writeis, the impoitant s}mptom, so far as diagnostic value is concerned, 
IS diarrhea, a cardinal s}mptom of tiichomoniasis If the positne theory 
holds true, theiefore, the patients should expenence a certain degiee of 
diarrhea, eithei acute, chronic or perhaps mtennittent, with constipation, 
accompanied b) a charactei istic clinical syndrome Conclusively, how- 
e\er, constipation is a uniform finding m oui series Nervous and 
nutritional symptoms are nothing but the outcome of constipation and 
are not due to trichomoniasis in which they have no significance 

CIRCLL'\10R\ SYMPTOMS 

Tlip blood iiressures shoivn m the table are not out of the oidinary, 
consideiing the age of the patients and the diagnosis given Hvper- 
tension m our series is mostly suggestive of cardiovasculai complication, 
wdiile hypotension indicates nutritional distuibance of some sort 

The amount of meat consumed by the patients before enteiing the 
institution was tabulated m oider to shoiv the possible eftect of high 
protein on the ntimbei of Tiichomonas hoininis That a high meat diet 
IS productive of intestinal proteolysis needs no special mention Accord- 
ing to Hegner, bi-pioducts of puti efaction, such as iiidol, skatol, 
hydiogen sulphid and ammonia, are unfavorable to the existence of 
Tnchomonas iman in the large intestine The higher the extent of 
putrefaction, the fewei the numbei of Tnchomonas miius in the 
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intestine If Ins theory can be applied clinically, the low protein con- 
sumers are more liable to harbor Tiichomonas hounms than the high 
meat eaters Tables 1 and 2, however, does not encourage the hypoth- 
esis Irrespective of the diet taken, the flagellates were present in large 
number 

The diagnoses of the cases are tabulated to show the s} mptom com- 
plex exhibited by the patients con elated with the oiganic or functional 
disorders rather than with trichomoniasis 

Comparative stud} of trichomoniasis in relation to the number of 
the flagellates is also made in order to ascertain the possible variation 
as to Its pathogenicity Musgrave and Levy are inclined to believe that 
the number of Tiichomonas homnus is directly pioportional to the 
extent of the infection In the aAerage findings tabulated, there is not 
enough evidence in either senes to be conclusive in this regard 

CONCLUSION 

1 Tiichomonas homnus is not a pathogenic but a harmless flagellate 
present in the large intestine 

2 Whether they are present in large or small numbei, neither 
laboratory nor clinical pictures bear ewdence conclusive enough to 
warrant pathologic diagnosis 

3 Diarrhea mentioned b} many as characteristic of trichomoniasis, 
has no clinical aspect in these series, instead constipation is a common 
occuiience with no diairheal history in the past Furthermore, procto- 
scopic diagnosis emphasizes the fact that constipation is a usual 
accompaniment in these cases 

4 Nenous symptoms and nutritional distui Dances as manifested by 
these cases aie attributable not to the presence of Tiichomonas homiiiis, 
but to some organic or functional disorder or to constipation secondary 
to such 

5 The intestinal flora is independent of the presence of Ti ichomonas 
honiiiiis The t}pe of intestinal flora does not alter the number of the 
flagellates Hegner s assumption in regard to albino rats is not feasible 
in Its clinical application 



PRIMARY VASCULAR NEPHRITIS, OR RENAL 
PERIARTERITIS NODOSA 

J JAY KEEGAN, MD 

OMAH \ 

A lecent case at the Univeisity Hospital aftorded an unusual oppor- 
tunit} 1)} eaih nephiectomy and later by necropsy to observe the 
de\ elojMuent of a inamary vascular nephritis of infectious origin The 
opeiatne specimen piesented the chaiacteiistic pathologic appeal ance 
ol jienaitentis acuta nodosa and the necropsy specimen, two months 
latei showed the tians formation of this lesion into early arteriosclerosis 
and chioiiic Aascular nephritis Associated wuth this renal vascular 
pathologic condition was a similai lesion of the c}stic aiteiy of the 
gallhladdei, the pancreatic aitei\ and the splenic aiteiy 

Ri:roin or c vsi: 

— Mrt, C, aged 24 entered the Unnersiu Hospital, Sept 13, 1924, 
w nil the complaint of general malaise of three weeks’ duration, weakness and 
loss of weight, from 118 to 82 pounds (53 5 to 372 kg), over a period of several 
months The Instore was unreliable as the patient w'as a morphin addict, 
she had been using ‘ bromidia ’ for seeeral weeks and was irrational She was 
mo ming but not complaining of pain She looked older than her age and had 
a graeish pallor Phesical e\ammation reeealed marked dental infection The 
heart lungs abdomen peh is and extremities were negative The temperature 
was 103, pulse 120 respirations 25 The leukocyte count totaled 20,000, poly- 
niorphomiclcars SO per eent Tlie specific gravitv of the urine w'as 1 020, 
albumin and sugar tests were negatue, there were no casts or red blood ceils, 
a culture of a cathetenred specimen on blood agar w'as negative A blood 
culture was negatne, the blood sugar was 139 mg , the spinal fluid w'as normal, 
blood and spinal V'assermann reactions w'ere negatne The mental condition 
impro\ed in a few dais, the clciation of temperature and polymorphonuclear 
leukoc\tos]s persisted, but the patient made no complaint and insisted that she 
felt fine Roentgenograms of her teeth show'ed many alveolar abscesses Distinct 
tenderness and ngiditj were elicited in tiie right side of the abdomen and in 
tlie right kidnej region 

Surgical consultation was called, September 26, on account of the persistence 
of the abdominal symptoms in the right side There w'ere sepsis and a few pus 
cells 111 the urine but no other localizing signs An exploratory operation w'as 
advised, w ith a preoperative diagnosis of a surgical condition of the right kidney 
At ojicration September 29, a small anterior right abdominal incision was made 
and the gallbladder, stomach, appendix and pelvis were explored with negative 
findings This incision w'as closed and tlie right kidney explored through a 
right flank incision The kidney seemed slightly enlarged, the fatty capsule 
being rather adherent, it w'as removed Gross section of this kidney show'ed 
numerous w'hite miliary nodules all located at the corticomedullary border 
These looked like miliary tubercles (Fig 1) Tw'o or three larger w'hite areas 
w'lth hemorrhagic borders w'ere found in the cortex The cortex otherwise 
W'as rather pale, but with normal markings, averaging 6 mm in thickness The 
capsule stripped easily leaving a smooth surface, except for the few larger 
slightly elevated nodules noted above 


From the University of Nebraska College of Medicine 








191 


KEhG IN— PRIMARY VASCULAR NEPHRITIS 

Microscopic examination of sections of this kidney showed the miliary nodules 
to he markedh swollen and infiltrated arcuate arteries (Fig 2) The inflam- 
maton reaction iinolvcd the entire artery wall, intiina, media and adventitia 
The Ultima was markedh sw’ollen from edema and infiltrated w'lth numerous 
monoiiuckar cells and poh morphoniiclear leukocytes In places there was 
extciisnc necrosis of this swollen intima A small lumen containing a few red 
blood ceils iisualh persisted The nniscuiaris in maii}^ places w'as almost indis- 
tiiigmshable on account of tlic mflammator}' cell infiltration, elsewdiere it w'as 
fairh well defined hut with swollen cells The adventitia was densely infiltrated 
and markedh thickened with mononuclear cells, a few' poh'morphonuclear leuko- 
cctcs, an occasional eosinophil and edema The process w'as definitely limited 
to the arterc wall, it did not extend appreciably into the surrounding kidney 
tisMu Search for bactern in kidnei sections stained by the Giemsa method 



was negatne Section of one of the larger necrotic and hemorrhagic areas 
in the cortex showed it to be a tjpical infaiet with eomplete anemic necrosis 
in the eciiter and hemorrhage at the border The tributary artery was found 
thrombosed The vascular lesion apiiearcd limited to the arcuate arteries , it 
was rarelj found extending into .in interlobular artery or involving the larger 
\essels entering the liiltim of the kidney The glomeruli throughout the cortex, 
except in the infarcted areas, w'erc practically normal in appearance (Fig 3) 
Tlierc was no iiifiltration, sw'clhng nor rupture of the loops Most of them 
ajipeared rather bloodless, while a few' w'crc congested The convoluted tubules 
were sw'ollen and granular with some vacuolation, indicating marked granular 
degeneration The nuclei stained clearly The lumiiia of the tubules were 
almost absent, making identification under low power difficult The interstitial 
tissue showed no infiltration and no congestion Occasionally an area of granular 
material W'as found, which was interpreted as edema A diagnosis of acute and 
subacute obliterating arteritis limited to the arcuate arteries was made It was 
interpreted as being infectious in origin, blood borne and in all probability 
bilateral 
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The patient made a stormy postoperative partial recovery, the temperature 
gradually dropping to 99-100, the pulse to 100-110 Blood chemistry, October 9, 
showed a nonprotein nitrogen of 43 mg and creatinin of 2 mg The patient 
■uas allowed to be up and was discharged, October 19, feeling fairly well 

The patient reentered the hospital November 6, on a stretcher, very nervous, 
apparently in severe pain and quite tender in the right lumbar region She 
said that her kidneys had been very active during the preceding week, with 
nocturia six times, unassociated with pain She had been feeling fairly well till 
three days prior to reentrance, when she first noticed shortness of breath and 
some pain in the back and sides These symptoms increased rapidly and forced 
her to bed Her temperature on entrance was 102, pulse 130, respirations 30, 
the leukocyte count was 40,000 , polymorphonuclears were 82 per cent , red blood 
cells 4,200,000, hemoglobin 60 per cent The urine had a specific gravity of 
1 018, albumin 2 plus, numerous white blood cells, a few red blood cells and 
many granular casts The blood nonprotein nitrogen was 43 mg , creatinin 1 5 mg 
The systolic blood pressure was 125, diastolic 90 The pulse was rapid and 
irregular, temperature around 101 and respirations 25 for the next few days 
The output of urine was markedly diminished With increased elimination, the 
acute symptoms subsided except that the patient was very weak and still com- 
plained of pain and tenderness in the right side of the abdomen and the right 
lumbar region The urinary findings cleared considerably, the specific gravity 
dropping to 1 011, the albumin to 1 plus , there were a few white blood cells 
and granular casts A Mosenthal specific gravity test day, November 17, showed 
fixation at 1 008 u ith retention, as follows 

11 am 1pm 3pm Spm 7pm 7am 

Specific gra\it\ 1 008 1 008 1 008 1 008 1 008 1 007 

Amount 75 c c 90 c c 105 cc 90 c c 100 c c 550 cc 

The total twenty-four hour intake was 1 650 cc , output, 910 cc There i\as 
slight puffiness of the eyelids, but no general edema The phenolsulphonephtha- 
lein output was less than 5 per cent in two hours A blood culture was negative 
The ^Mosenthal test day was repeated No\ ember 20 wuth practically the same result 

llam 1pm 3pm 5pm 7pm 7am 

Specific graMtj 1 008 1 008 1 008 1 008 1 008 1 008 

Amount 90 c c 90 c c 110 c c 90 c c 100 c c 540 c c 

The total twenty -four hour intake was 1,600 cc , output, 920 c c The patient 
left the hospital Not ember 23, against ad\ice, as the prognosis was considered 
\ery poor 

The patient was returned to the hospital Not ember 25, on a stretcher, with 
marked dy spnea and orthopnea, some edema of the feet and slight puffiness of the 
eyelids The temperature w'as 99, pulse 108, respirations 50 There w^as no 
heart murmur The pulse w'as very weak, the systolic pressure was 100, diastolic 
70 Mucous rales were heard in the bronchi The leukocyte count was 29,600, 
polymorphonuclears were 84 per cent , red blood cells totaled 3,500,000, and 
hemoglobin 60 per cent The urine had a specific gravity of 1 005, albumin 2 plus 
(14 mg per hundred cubic centimeters) and microscopically showed pus cells 
1 plus, a few red blood cells and fairly numerous granular casts The phenol- 
sulphonephthalein output w^as less than 5 per cent in tw'o hours The patient 
appeared \er\ ner\ous, although she dozed at short intervals She vomited 
considerable mucus and a little blood There was slight improvement under 
digitalis therapy, although the pulse remained irregular and rapid— 120, and 
d\ spnea and orthopnea persisted The temperature was subnormal She com- 
plained of pain in her chest, November 27, and a pericardial friction rub was 
heard Non ember 28, a systolic murmur was heard over the mitral area On 
this daN her fluid intake w'as 2,460 c c and the urine output 990 c c She became 
rather drow sy , the lungs filled up with fluid and death occurred November 30 
at 3 50 p m Necropsy^ was performed at 8 p m 

Nec} opsy —The body w'as that of a Nvhite, fairly w'ell developed but emaciated 
woman The skin was pale, except for many small bluish pigmented areas over both 
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pectoral upjtc'i arm and anteiior thigh regions There was slight edema of the 
ankle*- and surgical scars m the right rectus and the right lumbar regions 
The wall ot the abdomen was thin, the peiitoneum w'as smooth and glistening, 
there was no tree fluid There w'ere adhesions to the under side of the right 
rectus scar, also a separate firm fibious adhesion laterally betw'een the gallbladder 
and the anterior abdominal wall The liver was 8 cm below’ the costal margin 
m the inidclai iculai line, mottled vellow' and dark red klicroscopic section 
oi the li\ei showed a marked congestion about the central veins and corre- 
sponding granular degeneration of the liver cords The portal areas w'ere 
ncarh normal There w’as no aitenal pathologic change in the sections evamined 
The gallbladcr was of normal sire and adhered bj fibrous bands to the adjacent 
jnloriis, colon and omentum The fundus was mottled dark led wnth punctate 
iKinoirhagcs and a general intense cascular injection The wall w'as thickened 
and ''omewhat resistant The asjnrated bile was thm, jiale and contained yellow’ 
tl.ikcs Cultuics ot this bile on blood agai wcie negatne 



I'lg 4 — Cistic artery of gallbladder, showing greath thickened intima 

When the gallbladder was opened, the w'all measured 3 mm in thickness, 
the mucosa was pale and elevated into soft, rounded, bulbous-hke folds and 
projections Ihis appeared due to a loose sw'clhng of the submucosa Smears 
from the fixed submucosa show’ed an occasional gram-positive diplococcus but 
no pus cells Dissection at the neck of the gallbladder show’cd an even greater 
thickening and congestion of the w’all Dissection of the hepatic arteij’ and 
Its branches disclosed the cystic branch of darker color, thickened w’alls and 
narrow’cd lumen This pathologic condition began abruptly at the origin of 
the cvstic artery and did not involve aii}’ portion of the right or left hepatic 
arteries, w'hich w’cre dissected a considerable distance into the liver tissue 

Microscopic sections of the neck of the gallbladder show'ed the cj’stic artery 
with an extreme thickening of the intima about twice the width of the remaining 
wall (Tig 4) This thickening was due to a proliferation of fibroblasts and the 
deposit of an abundant loose fibnllarj’ matrix The nuclei w'ere mostl}’ round 
or oval and lenticular, taking a basic stain The fibrillae also took a basic stain 
to a considerable degree, in comparison wnth the collagen fibrils of mature 
connective tissue A rare polymorphonuclear leukocyte was found The lumen 
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of the artery was a small channel lined by rounded endothelial cells and 
containing red blood cells The internal elastic lamina was intact and normal 
appearing except at one side, where both it and the muscularis were not 
distinguishable In this region there was a greater density of fibroblastic 
cellular tissue with a few inflammatory cells The muscularis_ elsewhere was 
entirely normal The adventitia likewise was negative for inflammatory cell 
infiltration but fused imperceptibly with a rather dense white fibrous tissue of 
the gallbladder wall In this wall no smooth muscle fibers could be distinguished 
There were numerous dilated thin walled blood vessels, evidently veins and 
capillaries The mucosa of this region showed a few normal glands but little 
surface epithelium The submucosa was moderately infiltrated with mononuc'ear 



Fi& S — Cut surface of left kidnej^ removed at necropsy, showing white 
infarcts, thickened arteries and narrowed cortex (actual size) 


cells There was almost no infiltration in the gallbladder wall proper Micio- 
scopic sections through the fundus of the gallbladder showed practically the 
same pathologic condition 

The stomach and small and large intestines showed no gross pathologic 
change The pancreas was pale and lobulated Microscopically, there were verj 
definite arterial lesions in the pancreas, consisting of a marked thickening of 
the Ultima bj fibroblastic proliferation, variable destruction of the media bj 
fibrosis and slight inflammatory cell infiltration and a marked increase of 
fibrous tissue in the adventitia The acinous tissue showed considerable irregular 
granular degeneration, possibly postmortem The islands varied likewise from 
normal to marked degeneration The spleen was slightly enlarged, dark red, 
firm and contained a small hemorrhagic infarct Microscopic sections showed 
one arterj vith marked intimal thickening and fibrosis of the wall similar to 
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that jubt described m the gallbladder and pancieas Another artery in the 
j-anic section show ed no pathologic condition The arterioles of the splenic 
corjnisclts adjacent to the thickened arter\ showed marked Inalme degeneration 
and swelling ot the entire wall Othcis wcie norma! The mfarcted area was 
of characteristic degenerated appearance One bordering splenic arteriole had 
a marked fibrous thickening of the entire wall A large artery in another 
section taken beiond the ape\ of the infarct showed an obliterating intima! 
iiiiroiis thickening with an oiganued thrombus in one branch 



Fig 6 — Renal intcrloliar arlerj, shownng extreme fibrous thickening of intima 


The right kidner w’as absent, its bed filled with fibrous tissue with no 
crideiice of infection The left kidney was slightly decreased in size, w^eighing 
225 gin , w as somcwdiat adherent in its bed and w'as mottled wnth dark red 
and lighter areas The capsule stripped easilj, leaving an irregular mottled 
surface Several ecllowish white elevated areas proved by section to be anemic 
infarcts var\mg in size from a few' millimeters to a centimeter in diameter 
The intenennig cortex was generally depressed and reddish The cut surface 
(Fig 5) showed a distinct thinning of the cortex, the average w'ldth being 
4 mm, contrasted w'lth a width of 6 mm m the right kidney, remmed at 
operation tw'o months earlier Also, the line of differentiation betw'eeii cortex 
and medulla ivas somew'hat indistinct compared to the right kidney The 
larger arteries were dissected m the hdum of the kidnej There w-as no 
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pathologic condition of the larger subdivisions, but the lumen could not be 
followed into the interlobar branches The walls there appeared thickened, 
firm and white 

Cross section of one of these arteries showed a pm point red lumen and 
thick fibrous walls Microscopically, this artery possessed an enormously thickened 
fibroblastic intima which measured fully six times the thickness of the muscularis 
(Fig 6) The very small lumen was lined with a single layer of normal endo- 
thelium There was no inflammatory cell infiltration in the thickened intima 
The internal elastic lamina was very distinct The muscularis was of normal 
appearance The adventitia was slightly increased and infiltrated 



Fig 7 Renal arcuate arter 3 % showing almost complete fibrosis of wall, 
extremelj^ thickened intima, an organized and canalized thrombus, and moderate 
pernascular mononuclear cell infiltration 


^ficroscopic sections of the kidney tissue proper showed the same process of 
fibroblastic intimal thickening m the arcuate arteries, extending occasionally into 
the interlobular arteries In the arcuate arteries there was a greater involve- 
ment of the muscularis, which was not distinguishable in places owing to 
fibrosis and inflammatorv cell infiltration The adventitia also was more involved, 
thicker and considerablj' infiltrated The lumen of some arteries contained 
organized and canalized thrombi (Fig 7) The extension into interlobular 
arteries was chiefli as a fibroblastic intimal thickening, although the adventitia 
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showed some corresponding thickening This process was irregular, m places 
in\olMng onlj one side of a vessel, the other being normal (Fig 8) At no 
place did it extend into the vas afferens or glomerular loops 

Connective tissue stain (picro-fiichsin) of these pathologic arteries showed 
the thickened intima taking tiie characteristic fuchsin of collagen fibrils, although 
not as intcnsel.i as mature ivhite connective tissue The glomeruli in most regions 
appeared nomial except for congestion The tubules showed a marked atrophy 
(Fig 9) The cells of the convoluted tubules were flattened and bounded dilated 
lumina The interstitial spaces W'ere wudened so that there appeared to be an 
increase of tissue Connectne tissue stain showed a moderate increase of loose 
collagen fibnllae There was verj little infiammator 3 " cell infiltration Irregular 
areas tliroughout the kidnei showed the effects of more complete vascular oblitera- 
tion W here the jiroccss w as gradual, the glomeruli show^ed hyaline degeneration 
or fibrosis and the surrounding tubules show'ed complete atrophy and disappear- 
ance (Fig 19) Their place was taken by a loose connective tissue moderately 



Fig 8 — Renal interlobular artcrj', showing unilateral fibrous intimal thicken- 
ing and corresponding increase of adventitia 

infiltrated with mononuclear cells When the vascular obliteration w^as more 
sudden from thrombosis, characteristic complete necrosis of anemic infarcts 
appeared w'lth beginning organiration at the periphery 

Both pleural cavities contained a considerable amount of slightly cloudy 
straw' colored fluid The serous surfaces were smooth except for adhesions 
to the mediastium The lungs W'cre soft and crepitant throughout The cut 
surface exuded frothy fluid Microscopically, the alveolar septums were slightly 
thickened and congested There was no infiltration The bronchioles were 
negativ'e The pericardial cavitj' contained about an ounce (30 c c ) of slightly 
cloudy fluid The serous surfaces were covered with a thin, white fibrinous 
layer The heart appeared slightly enlarged , the wall of the left ventricle 
measured from 1 5 to 2 cm m thickness and was firmly contracted The valves 
w'cre entirely negative for vegetations or sclerosis The coronary arteries were 
dissected and showed no pathologic change Microscopic sections of the myo- 
cardium show'ed large well preserved cells There w'as no thickening of the 
arteries or perivascular infiltration 
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COMMENT 

Acute localized inflammation of the smaller arteries of various 
organs of the body has been desciibed in numerous reports under the 
name of “penarteiitis nodosa ” The fiist clear description of the micro- 
scopic pathology of this condition and the application of the name are 
credited to Kussmaul and Maier ^ in 1866. although the first gross 
description was given by Rokitansky " m 1852 Recent excellent 
reviews of the liteiature of the subject aie given by Lamb,^ 1914, and 











Fig 9 — Cortex of left kidney, showing marked tubular atrophy and increase 
of interstitial tissue 

Ophuls,'* 1923 Over seventy cases have been lecoided chiefly in the 
European liteiature The disease probably is as common in this countiy 
but goes umecognized on account of the difficulty of clinical diagnosis 

1 Kussmaul and Maier Eine bisher nicht beschriebene eigenthumliche 
Arterienkrankung die mit Morbus Brightii und rapid fortschreitender allgemeiner 
Muskellahmung emhergeht, Deutsch Arch f klin Med 1 484, 1866 

2 Rokitanskj Aneurysmenbildung sammtlicher Arterien mit Ausnahme 
die A.orta, und der meisten ansehnlichen primitive Aste derselben, ferner mit 
Ausnahme der Gehirnarterien, Denkschr d k Akad d Wissensch Vienna, 
4 49, 1852 

3 Lamb, A R Periarteritis Nodosa A Clinical and Pathological ReMew 
of the Disease, Arch Int Med 14 481 (Oct ) 1914 

4 Ophuls, W Periarteritis Acuta Nodosa, Arch Int Med 32 870 
(Dec 1 1923 
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and unfamiliant} with its pathology It has been said to be almost 
100 pel cent fatal because in all lecoided cases the patients have died, 
blit the idea has been expiessed by many that both its lecoid of rarity 
and Its high moitaht}’' aie piobably due to the fact that antemoitem 
diagno'^is IS not made and consequently only fatal cases aie lecorded 
The clinical pictine is that of an acute oi giadual onset of obscine 
sepsis with emaciation, weakness, piostiation, fast pulse, maiked leuko- 
cMosis and fiequenth inteimittent pain m the abdomen The pathologic 
findings aie w'cll maiked nodules in the w'all of the smaller arteries 
wrh fiequent small aneuiisms oi thiombotic obstiuction and infaic- 



Fw 10 — Cort(.\ of left kiclncj, showing extensne hyaline degeneration and 
fihrosis from gradual aitcnal ohliteralion 


lion The coionaiy aiteiics of the heait and the smaller aiteiies of the 
kidneys aic oftencst involved, although the biam and othei oigans or 
tissues may be similaily involved Usually the oigans aftected are 
multiple, although the pioccss wms found m only one oigan m a number 
of rejioils Fishbeig"’ repoits a case of six days’ duration in wdnch 
lesions w'ere limited to the kidneys Othei writers call attention to the 
extension of the aiteiial inflammation of the kidneys directly into the 
inteistitial tissue causing an inteistitial nephiitis,* oi extension into the 
glomeruli causing an acute or subacute glomerulonephiitis ^ Changes m 
the composition of the urine aie usually present and in some cases 

S Fishherg, A M Ziir Kemilniss dcr Penartentis nodosa, inbesondere der 
Hisliopathogenesc, Virchows Aich f path Anat 240 483, 1923 
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death has occuired from uremia The microscopic pathologic condition 
IS an inflammatory cell infiltration usually involving all elements of the 
arter} but characteristically most marked and occasionally alone in the 
adventitia or perivasculai tissue There has been much discussion as 
to the site of the primary pathologic condition in the artery wall The 
etiology IS unknown but a considerable amount of evidence suggests 
a relationship to streptococcus infection, particularly of the iheumatic 
group The rather consistently negative blood, urine and tissue cultures, 
and the inability to find micro-organisms in tissue sections, as in this 
case, has prevented general acceptance of streptococcus etiology 

The pathologic condition found in the right kidney in this case, 
coupled with the preceding obscure septic histoiy of a few weeks’ dura- 
tion, leaves little room for doubt that this was primarily a case of 
periarteritis acuta nodosa similar to many others reported The most 
significant observations, however, were those which developed subse- 
quent to the right nephrectomy Nocturia and frequency appeared 
within a month or about turn months from the onset of symptoms, and 
were quickly followed by symptoms of cardiac decompensation The low 
kidney phenolsulphonephthalem output, low fixation of specific gravity, 
slight increase in blood nonprotein nitiogen, albumin, casts and cells in 
the unne all gave further evidence of a failing kidney function from 
vascular insufficiency Death occurred m characteristic manner for 
primary vascular nephritis, by cardiac decompensation, retention of 
fluids, late uremic symptoms, subnormal temperature, fibrinous peri- 
carditis and pulmonary edema 

The pathologic condition of the left kidney lemoved at neciopsy, 
more than three months from the onset of illness and two months fiom 
the right nephrectomy, showed a characteristic early stage of chronic 
primary vascular nephritis The acute lesions of the arteries of the 
light kidne)’’ were found transformed in the left kidney into early 
arteriosclerosis The most prominent feature of these arteries was the 
great thickening of the intima by young white fibrous tissue This 
markedly constricted the lumen and led to anemia of the kidney coitex 
with atrophy, fibrosis and infarction The cortex was narrowed, the 
tubules markedl} atrophied and a replacement interstitial fibrosis was 
under way in var3ing degree The symptoms of chronic vascular 
nephritis presented by this case might be interpreted m sequence from 
the patholog}'' as follows Acute vascular infection and infaiction in 
the kidneys led to little urinary change, subsequent gradual fibrotic 
intimal obliteration of the arteries led to tubular atrophy, with probable 
loss of reabsorptive power and consequent noctuiia and low fixed 
specific gravit)* The rapidity and severity of the arterial obliteration 
led to cardiac decompensation with less blood flow through the arteries 
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and glomeuili and lesnltant decreased mine output, nitrogen retention 
and teiminal iiiemia 

The kidne} pathology of this case suggests that a considerable niim- 
bei of cases of chionic vasculai nephritis may have then origin in a 
mild attack of renal peiiarteiitis nodosa The kidneys are cited by 
Lamb as being most fiequeiitly involved in the lepoited cases, although 
Ophuls ‘ placed the coronaiy aiteiies of the heait fiist and the kidney 
arieiies second 

The teim “chionic Aasculai nephiitis” is not clearly defined in the 
minds of man} Oidinarily it has been applied to the senile arterio- 
‘^cleiotic led gianular kidney uith little functional distmbance In 
lecent leais, added significance has been placed on primary vascular 
lesions of the kidnei s by the v ork of Jores,® Lohlem," Gaskell,® Volhard 
and Fain ” The fiist to call attention to the prominence of sclerosed 
arteiies in micioscopic sections of chronic nepluitis were Johnson 
and Gull and Sutton Johnson accmately obsen^ed the thickened 
Ultima of the primaiy contracted kidney but intei preted it as a greatly 
In pertroplned internal longitudinal muscular la} ei Gull and Sutton 
ga^e the first mteqnetation of the piimar}' conti acted kidney as due 
to vascular change They insisted that the contraction was piimarily 
due to the alteiations m the small aitenes of the kidney They held 
that the mam thickening nas in the ad\entitia, that it was diffuse and 
spread into the surrounding tissues They named the piocess arterio- 
capillai} fibrosis 

jores iCMved the views of Gull and Sutton, asseiting that the 
small arter} change was a true aiteriosclerotic piocess and pait of a 
general small artery change affecting many oigans, particularly the 
brain He fust desciibed the fat in the wall of these scleiotic arterioles 
as a chai acteristic featme Lohlem " likewise pointed out the enormous 
thickening of the smallest vessels of the kidney with fat change as the 
mam diagnostic point of pnmary conti acted kidney Gaskell ® studied 
the same subject witli similai conclusions He subdivided the vascular 
group of kidney disease into two divisions, the fiist was the senile 

6 Jorcs, L Ucher die Artenoskicrosc der KJemen Oiganartenen mid 
ihre Bcncliungen 7 ur Nephritis, Virchows Arch i path Anat 178 367, 1904 

7 Lohlem, M Ucher Nephritis nach dem heiitigen Stand der pathologish- 
anatomischen Forsclning, Ergebn d mn Med u Kinderh 5 411, 1910 

8 Gaskell, J R On the Changes m Gloineruh and Arteries in Inflam- 
matori' and Arteriosclerotic Kidney Disease, J Path & Bacteriol 16 287, 1912 

9 Volhard, F , and Fahr, T Die Bnghtsche Nierenkrankheit, Berlin, 1914 

10 Johnson, G A Case of Chronic Bright’s Disease with Rapidly Fatal 
Sanguineous Apoplexy, Bnt M J 1 256, 1872 

11 Gull, W, and Sutton, H G On the Pathology of the Morbid State 
Commonly Called Chronic Bright’s Disease with Contracted Kidney (Arteno- 
capillary Fibrosis), Bnt M J 1 620, 1872 
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artel losclerotic kidney due to extension of scleiosis of the aoita and 
larger vessels into the aiterial branches of the kidney, causing disuse 
atrophy and degeneiation of groups of glomeruli and their tubules by 
obliteration of interlobular arteries There were no clinical symptoms 
of kidney disease and the blood pressure was seldom elevated or the 
heart enlarged The second division was the "genuine Schrumpfniere,” 
or “primary contracted kidney,” which was due to primary arterio- 
sclerosis of the small arteries This was a part only of a general 
pathologic complex consisting of hypertrophic changes in the heart and 
aorta and vasculai changes in the kidney and other organs, m particular 
the brain It occuried much eailier m life than the senile arteriosclerotic 
form, usually in patients between 34 and 50 years of age The con- 
spicuous and important change was the extreme thickening with fat 
change of the smallest arteries of the kidney, the arteriae afferentes 
especially, but also of the mterlobulai arteries 

A’olhard and Fain ° made a somewhat similar division of arteiio- 
sclerotic kidney changes into (a) the pure arteriosclerotic forms and 
(b) the combination form, “genuine Schrumpfniere,” or priman con- 
tiacted kidney In the pure aiteriosclerotic gioup, they included all 
forms w'lth vascular change that did not enter the glomeruli They 
called attention to the well known fact that wdiile sclerosis of the larger 
and middle sized renal arteries might be a conspicuous feature of the 
renal histolog> and might cause puckering and scairmg of the renal 
suiface, such sclerosis w^as not correlated wnth any typical clinical pic- 
ture On the other hand, whenevei there was piesent any considerable 
thickening of the intima of the smallest renal vessels, there was clinically 
extremel} high blood pressure and marked caidiac hypertrophy 

In these cases the great majoiity of the glomeruli w^eie normal oi 
almost so and presumably capable of excellent function, and the tubules 
showred little pathologic change These cases, in spite of the very high 
blood pressure, exhibited normal renal function so long as cardiac com- 
pensation remained good This was tiuly a vascular disease Death 
occurred usuall} from cardiac decompensation or ceiebral hemoirhage 
The “combination form” of vascular nephritis was that in which in 
addition to the arteriosclerosis of the type just described, there developed, 
wdiile cardiac compensation was still good, signs of renal insufficiency 
often terminating in uremia Histologically this form showed extensive 
glomerular atrophy, hyahmzation or fibrosis secondary to the primary 
arteriosclerotic change 

It IS thus seen that there has been a grownng tendency to interpret 
the pathologic change of a considerable number of contracted kidneys, 
so-called chronic interstitial nephntis, as primarily vascular The origin 
of the chronic vascular changes so characteristic of these forms of kidney 
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disease has been stated as unknown by most wnteis, except foi vague 
lefeiences to metabolic toxemias and Volbard’s suggestion of a spastic 
conti action of the small kidney aiteiies comparable to bronchiole smooth 
muscle spasm in asthma A gieat amount of expeiimental work has 
been done attempting to leproduce in animals the cbaractei istic 
pathologic change of piimaiy contracted kidney of man Kidne}'^ 
damage has been pioduced in a vaiiety of ways, leading chiefly to 
glomeiulai and tubulai damage with secondary chionic inflammatoiy 
and Abiotic changes, but the chai actei istic vascular pathologic change 
has geneialh been lacking The conception of the oiigm of these 
vascular changes m specific acute infectious aiteritis or peiiarteritis 
nodosa as piesented b} the case reported m this papei, may explain the 
difiicult} of expeiimental lepioduction The sti eptococcus or othei 
oigamsm lesponsible for lenal penarteiitis nodosa is not easily giowm 
in cultuie and piobabl} is highl} adapted to the human enviionment 

SUMMAR\ 

1 Renal periaiteiitis nodosa is consideied as an acute vasculai 
nephritis leading in nonfatal cases to chionic lenal aiteiiosclerosis and 
chronic ^asculal nejihiitis 

2 The teim “chronic \asculai nephiitis” is applied to a large gioup 
of conti acted kidne}S in which the piimaiy pathologic condition is in 
the arteiies and the secondaiy pathologic change is due to gradual 
artei lal obliteration 

12 Volhard, F Die Doppclscitigen haemotogenen Nierenkrankungen, 
Berlin, 1918 

13 Leiter, I Experimental Chionic Glomei ulonephritis, Arch Int Med 
33 611 (Ma\) 1924 



WHEN DO LUNGS RETURN TO NORMAL FOLLOW- 
ING EXPOSURE TO WAR GASES 

A R KOONTZ, MD 

Pathologist, Medical Research Division, Edgewood Arsenal 

EDGCWOOD, MD 

The use of toxic gases during the recent World War introduced a 
new subject in medicine The clinical effects and the acute pathologic 
lesions of these gases have now been quite thoioughly investigated, but 
very little is known concerning what chronic lesions may remain after 
all symptoms have subsided The need for fuither knowledge on this 
subject IS apparent to all concerned m the care of sick veterans or in 
the fixing of compensation for soldiers who have been gassed Because 
there is little opportunit}’’ to gain this knowledge from studies on 
soldiers who were the victims of gas attacks, this series of experiments 
on animals has been carried out 

We have attempted to determine whether pathologic lesions persist 
m the lungs of dogs which have been gassed but which have reco^ered 
from all symptoms IVe had hoped to study the pathologic physiology 
as well as the pathologic anatomy of these animals, but have been pre- 
vented from doing so by our inability to measure the working capacity 
of dogs by means of the treadmill or other device 

METHOD 

All the dogs used weie gassed with the minimal lethal dose of the 
gas m question Some dogs survived this dose, but were sick for periods 
of tune varying from a few days to a month They were considered 
recovered after their temperature, pulse and respiration had become nor- 
mal and all symptoms, such as coughing, depression and general lack of 
well being, had disappeared These dogs weie then kept in kennels 
hai mg large yards, so that they could exercise and live under approxi- 
mately normal conditions They were killed at varying intervals of 
time after recoi ery and carefully studied in ordei to see if any pathologic 
lesions remained as a result of the gassing 

Various methods of killing animals that had recovered were tried m 
order to find a method which in itself would cause the least variation 
from the normal in tissue structure At first we used injections of 
potassium cyanid into the heart, but it was found that this caused an 
extreme grade of congestion in the lungs Chloroform also caused lung 
congestion and, besides, theoretical objections might be raised to the 

^From the Pathological Section, Medical Research Division Edgewood 
Arsenal 
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use of any inhaled vapor Shooting oi a bloiv on the head caused con- 
fusing henioiihages and objectionable agonal stiuggles We finally 
adopted the method of injecting a saturated solution of magnesium 
sulphate into the heait, and have used it in piactically all our expeii- 
ments This causes veiy little congestion of the lungs, even when 
injected into the light side of the heait To avoid this entirely, we have 
as a loutine piocedure injected 10 cc of the solution into the left 
ventiicle This makes it necessaiy foi the solution to tiavel through the 
entile systemic cn dilation befoie it i caches the lungs, where it produces 
little 01 no change Death is piactically instantaneous without agonal 
coinulsions, which, if seveie enough, aie in themselves often the cause 
ot hemoiihage We ha^e theiefoie an ideal method of pioducing 
death, as it does not altei the pathologic condition that existed in the 
h\ mg animal 

d he lungs of dogs are lathei delicate mechanisms and will permit of 
\er} little handling without stiuctuial alteiations We weie theiefore 
tioubled 111 our eaih work with lesions that we felt must be artefacts 
Atelectasis was the mam lesion thus encounteied, and was almost con- 
stantl} encounteied m spite of the most caieful handling, and the use 
of ver} shaij) knives in cutting the blocks for fixation In order to 
a\oid this difficult}, we have emplo}ed the method of removing both 
lungs with the trachea and lunning Zenkei’s fluid into the tiachea until 
the lungs are normally expanded, and at the same time immeising them 
in a ^essel containing Zenkei's fluid By this method fixation is com- 
jilete <ind almost instantaneous, and after the lungs have lemained in 
Zenkei’s fluid a sufficient time, blocks can be cut foi section without 
dangei of pioducing artefacts It is best to lUii the fixative into the 
trachea until the lungs are pretty well distended before immersing them 
in the vessel containing the fixative, otheiwise the subpleuial portions 
will lie fixed in then collapsed state before the intratiacheally injected 
lixatne reaches these paits, and under the micioscope these regions give 
the appearance of maiginal atelectasis By caiefully cairying out this 
method, how'evei, it is possible to bung the dangei of artefacts to a 
minimum 

We have studied principally dogs which had lecoveied fiom the 
effects of phosgene, mustard, lewisite, chlorin, chlorjxcim, and methyl- 
dichloiarsin Theie is a total of 313 dogs in the senes The effects of 
each gas are consideied sepaiately below'' 

The dogs that recoveied and latei died in the kennels and those 
which w'eie killed in the kennels by other dogs have been included in the 
series along with those which weie killed at definite stated inteivals aftei 
the cessation of symptoms This has been done for the sake of com- 
jileteness and in oidei to be sure not to vitiate oui results Most of the 
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Fig 1 — Normal lungs in dog two weeks after recovery from phosgene 



Fig 2 —Bronchi plugged with exudate, desquamated epithelial cells and debris 
in dog that died three weeks after recovery from phosgene 
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dogs dying in the kennels died of some acute lung condition winch may 
01 may not ha^e had any i elation to the pievious gassing Of the ordi- 
nal} iiin of stock dogs kept in the kennels, about 10 pei cent die or aie 
killed m the couise of a year It will be seen that the peicentage foi 
our dogs that lecovered from gassing is much higher (28 1 per cent ) 
That there is some relationship betwen previous gassing and death in the 
kennels is thus cleaily established Most of this high mortality rate, 
hoveAcr. occuned within the fiist two months aftei lecoveiy from 
gassing, v39 8 pei cent of the total nnmbei of recovered dogs in the 



Fig 3 — Obhtcratne bronchiolitis m dog that was killed by other dogs three 
weeks after reco\cry from phosgene 

kennels d}ing within the fiist month, 33 Vi per cent during the second 
month, and onl) 16 4 pei cent during the period fiom the end of the 
second month to the end of the fifteenth month 

PHOSGENE 

Ninety-five dogs that recovered from gassing with phosgene weie 
studied Sixty-one of these were killed with magnesium sulphate at 
intervals varying from two weeks to fifteen months after recovery 
Thirty-four died or were killed in the kennels at intervals of from one 
week to eight months after recovery 

Gfoss Pathology — Sixty-eight of the senes appeared normal m the 
gross Of the remaining twenty-seven, three showed empyema and 
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Fig 4 — Chronic bronchitis and partial atelectasis due to plugged bronchi in 
a dog killed five ^\eeks after recovery from phosgene 



Fig 5 — Patch of organization in dog killed eighteen weeks after recovery 
from phosgene 
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two pneuiiioma The otheis had bitch lesions as congestion, hemorrhage, 
edema and emph 3 'sema in varjang degrees of intensity Most of these 
gross lesions were found in dogs that died 

Mici oscopjc Findings — In thiee of ten dogs that were killed or 
died two ueeks after recoveiy, the lungs weie normal microscopically 
There was no definite point m the series at which it could be said that all 
pathologic lesions had disappeaied, and the majority of the lungs were 
normal However, of the nmet 3 -five dogs studied, in twenty-one the 
lungs i\eie normal, and in twentN-four more were almost normal, having 
only small areas in which there were lesions of minor degree Of the 



Fig 6 — Chronic obliteratne bronchiolitis in dog that died eight months after 
apparent recoveri from phosgene 

lesions encounteied in the early weeks after recovery, the predominating 
one was a plugging of the bronchi with desquamated epithelial cells and 
debris and atelectasis of the adjacent lung tissue This gradually gave 
way to obliteiative bronchiolitis and small jDatches of organization as the 
principal lesions Small hemorrhages were often found around the 
patches of oiganization On the whole, however, the appearance of 
the lungs took on a moie and moie noimal aspect as the time fiom the 
date of recovery increased As would be expected, a much larger area 
in which there was pathologic change was encounteied m dogs dying in 
the kennels than in those killed with magnesium sulphate (Figs 1 to 6) 
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Fig 7 Xormal lungs m dog killed at time of recovery after being sick for 
four veeks from mustard 



Fig 8 — Hypertrophied 
of bronchus of dog killed 


bronchial epithelium and dilated mucous glands in wall 
SIX weeks after recovery from mustard 
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MUSTARD 

llieie weie fifty-eight dogs m the senes given mustaid gas Of 
tiiese fort\ were killed with magnesium sulphate at inteiwals varying 
from the actual time of recoveij to eight months after lecovery 
Eighteen died oi weie killed in the kennels at mteivals of fioni one week 
to nine months aftei reco^ ery 

G}oss Pathology — Foit}-six of the fift} -eight dogs studied appealed 
noimal m the gioss Of the remaining twelve, one had pneumonia The 
otheis showed such lesions as congestion, hemonhage, edema, atelectasis 
and emplnsenia As in the case of phosgene, neaily all the gioss lesions 
occuried in dogs that died 



Fig 9 — Normal lungs except for few patclies of organization surrounded by 
minute areas of bronchopneumonia m clog that never realh recovered from effects 
of mustard gas The dog was discharged from the hospital at the end of twenty 
weeks still having a hoarse cough and bad eyes 

Mtaoscopic Findings — The only dog killed at the actual time of 
recoveiy had lungs that cveie entiiel) normal Of eleien dogs killed 
from twm to three w^eeks after lecoveiy, thiee had noimal lungs Of 
SIX dogs killed four cveeks aftei recover}, four had noimal lungs Of 
SIX dogs killed six weeks after recover), three had noimal lungs 
From eight wrecks on piactically the only lesions encountered rveie small 
patches of organization The early lesions, as in the dogs that recovered 
from phosgene, consisted pimcipalty of the plugging of bronchi with 
debris and atelectasis of the adjacent lung tissue In most cases these 




Fig 11 Plugging of bronchus with desquamated epithelial cells and debris 
in dog that died ten ’i\eeks after recovery from lewisite 
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lesions occupied Aery limited aieas of lung tissue Occasionally, aieas 
of clnonic inflaminatoi} reaction weie encounteied Congestion, hemor- 
ihage and edema weie often found in the dogs dying in the kennels 
(Figs 7 to 9) 

LEWISITE 

Theie was a total of sixty dogs m the senes given lewisite Foity- 
liAe of these veie killed with magnesium sulphate at intervals var}ang 
fiom tiAO to twent}-one veeks aftei recovery Fifteen died oi were 
killed in the kennels at intervals of fiom one to ten weeks after lecovery 



Fig 12 — Organizing oblileralivc bronchiolitis in dog that died ten weeks 
after recover} from lewisite 

Gloss Pathology — Foity-five of the sixty dogs studied appeared 
noimal m the gioss These weie the dogs killed Of those dying, 
fifteen in numlier, four had pneumonia and one bronchitis The others 
show^ed vaiying degrees of congestion, hemorrhage, edema, atelectasis 
and emphysema 

Mici oscoptc Findings — Lesions similar to those encountered in the 
early weeks after recovery in the phosgene and mustard senes were 
found in this series also duiing the fiist five w'^eeks The sixth week 
in this series, however, marks a definite point at which the pathologic 
lesions disappear, except for a few chronic changes similar to those 
spoken of above, and the more acute changes found in those dogs 
which die m the kennels (Figs 10 to 12) 
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Fig 13 — Marginal atelectasis and minute hemorrhages in almost norma! lungs 
m dog killed one week aftei recovery from chlorm 



Fig 14 Normal lungs in dog killed four w'eeks after recovery from chlorpicnn 
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CIILORIN 

Iheie ^^ele only eleven dogs in the seiies given chloiin — too small 
a numbei fiom which to chaw aii}'- definite conclusions Seven of the 
eleven weie killed with magnesium sulphate at inteivals vaiying fiom 
one to twenU weeks aftei lecoveiy Foui died oi were killed in the 
kennels at inteivals of fiom two to four weeks aftei lecoveiy 

Gloss Pathology — Nine of the eleven showed no gross lesions Of 
the lemaming t\\o, one had pneumonia and the othei bionchitis Both 
of these died m the kennels 

Mici oscopic Finding's — Theie weie no absolutely noimal lungs in 
the SIX dogs examined at neciopsy in the hist six veeks after lecovery, 



Fig 15 — Small areas of oigani/ation m dog Killed twenty-six weeks after 
recovery from chlorpicnn 

but this numbei included the foiii that died in the kennels Theie weie 
no necropsies on animals between six and thiiteen weeks after lecovery 
Of the five examined at neciopsy fiom thiiteen to twenty weeks after 
lecoveiy, thiee were normal One examined at neciopsy at fourteen 
weeks showed some old scais, and one at fifteen weeks had small aieas 
of oiganization and hemoiihage (Fig 13) 

CIILORPICRIN 

Theie weie forty-eight dogs in the series given chlorpicnn Eight 
died m the kennels, and forty were killed at inteivals langing fiom one 
to twenty-six weeks aftei apparent lecoveiy 
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Gloss Pathology — Theie were no gioss lesions, except foi an 
occasional case of congestion, atelectasis oi einph 3 'sema occurring in dogs 
that died 

Miaoscopic Findings — The lungs of dogs killed from five to ten 
weeks after reco\ery showed an almost complete return to the normal 
The dogs killed prior to this time showed about the same type of lesions 
as those occuiring in the early weeks aftei recovery fiom the other 
gases Dogs killed later showed occasional patches of organization and 
chronic bronchitis in some cases (Figs 14 to 16) 



Fig 18 — Xormal lungs in dog killed eight weeks after recovery from methjl- 
dichlorarsin 


METIIYLDICIILORARSIN 

Fort) -one dogs m the methyldichloiarsin series were examined at 
necropsy at intervals ranging from two to sixteen weeks after lecovery 
Nine of these died or weie killed m the kennels The rest were killed 
in the usual mannei 

Gloss Pathology — In the thirty-two dogs sacrificed, theie were no 
gross pathologic lesions Of the remaining nine, one had pleurisy with 
adhesions, three had pneumonia, one organizing pneumonia, three puru- 
lent bronchitis, and one chronic peribronchitis 

Mtcioscoptc Findings — Most of the animals had letuiiied to normal 
within eight weeks after recoveiy, but some chronic changes were found 
up to sixteen weeks (Figs 17 and 18) 
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SUMMARY 

A number of dogs were exposed to approximately the lethal concen- 
tration of each of the following gases phosgene, mustard, lewisite, 
chloiin, chloipicnn and methyldichlorarsin The dogs that recovered 
from the effects of the gases were discharged from obsen^ation on the 
cessation of symptoms, and were kept in the kennels to be killed at 
varying mter\als of time from the date of recovery, in order that the 
pathologic lesions still remaining in the lungs might be studied Of 
the recovered dogs, almost a third died in the kennels or were killed 
in the kennels by other dogs This makes the mortality almost three 
times as high among the recovered gassed dogs as among the ordinary 
run of stock dogs m the kennels It seems conclusive, therefore, that 
there is some connection between these deaths and the pievious gassing 
of the animals That no such paiallel exists m men who were gassed 
during the W orld War is shown equally conclusively by the histones of 
men who were gassed during that conflict The reason for the difference 
is probably that the soldieis had the best hospital caie and treatment 
during the peiiod of illness following the gassing, and equally good 
care foi still fuither penods m convalescent camps, ivhile the dogs 
received no tieatment wdiatsoever, and after then discharge from the 
dog hospital, were exposed to rigois of weather and climate and the 
savage attacks of stionger dogs m the kennels 

The pathologic lesions found in the lungs of the dogs that died in 
the kennels weie varied m number In a few’^ cases the lungs w’^ere nor- 
mal, and such dogs probably died of starvation, being too weak or 
apathetic to compete for then food In a number of other instances, 
pneumonia was the cause of death In the majoiity of cases, how'ever, 
such lesions as congestion, hemonhage, edema, plugging of the bronchi 
noth debris and atelectasis w’^ere found 

The dogs that weie killed at var 3 ang intervals after recovery may 
be divided into three groups as follows (1) those in wdiich the lungs 
w^ere normal, (2) those which had more or less acute pulmonaiy lesions, 
and (3) those which shoived chronic lesions Normal lungs w^eie found 
in a few dogs that were killed at the tune of recovery, and the per- 
centage of normal lungs gradually increased fiom this time to the end 
of the period of observation (fifteen months from date of recovery) 
However, the percentage of normal lungs in the first five to eight weeks 
after recovery was not very large, while aftei this period normal lungs 
w^ere m the large majority The more or less acute lesions that occurred 
in the first five to eight weeks after recovery consisted principally of 
edema desquamation of alveolar epithelium, plugging of bronchi with 
debris, atelectasis, occasional patches of chronic inflammatory reaction 
and an occasional pneumonia The chronic lesions occurred between the 
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])eiiocl from fi\e to eight weeks after the date of lecovery and the end 
of the period of obseivation, and consisted piincipally of small patches 
01 oiganuation, often associated with minute hemoiihages, chronic 
bronchitis and pei ibronchitis and oiganizmg obliteiative bronchiolitis 

It should be made clear that the pathologic lesions encountered m the 
grou]) of dogs that were sacrificed at various intervals of time aftei 
leco^el^ ^\ele limited in extent and only discoveied microscopically 
In piacticalh all of these dogs the lungs appeared normal in the gioss 
This is in shaip contiast with the dogs that died, in neaily all of which 
gross lesions ^^ere discovered at the neciopsy table 

CONCLUSIONS 

1 In the gieat majority of dogs gassed at lethal concentrations, no 
pathologic lesions can be demonstiated from two months to a year aftei 
reco\ ei } 

2 In a niinoiity of instances, peimanent lung damage is done, but 
this damage is not widespread, is generally confined to small areas, and 
IS geneialh m the fonn of small patches of organization, thickening of 
the bionchial walls uith loss of elasticity, or occasional closing of the 
bronchioles b} organized exudate 

3 All such damage will ultimately result in fibrous tissue This 
small amount of scai tissue can haidly aftect the functional efficienc}' of 
the lungs 

4 Since the lungs of dogs aie more delicate than those of human 
lungs. It IS reasonable to conclude that m the vast majoiit} of suiviving 
human patients, who were not gassed so seveiely and who lecene 
infinitely better caie m hospital, all lesions ha\e disappeaied within a 
short wdnle aftei gassing, and that the small amount of fibiosis lemaming 
m the minorit) of cases can haidly be a cause of serious disability 



FORMALDEHYD POISONING 


WITH REPORT OF A FATAL CASE 
B S KLINE, MD 

CLEVELAND 

» 

Although formaldeh>d has been extensively used in a number of 
industries since its discovery in 1867 by Von Hoffmann, there are on 
record, including the one at Mt Sinai Hospital leported here onlv 
twenty-seven cases of formaldehyd poisoning 

Of these twelve patients (seven males and five females) died in from 
twenty or thiitv minutes to foui weeks In the case of the males, foimal- 
dehyd was taken by mistake for whisky or watei In the case of the 
females, it was taken with suicidal intent 

The amount of fonTialdeh}d ingested in the fatal cases \aried from 
a few drops to 3 ounces (89 c c ) of concentrated solution The largest 
amount from uhich a patient recoveied (case of Hale) was 120 cc of 
concentrated commercial formaldehyd 

Below IS a summaiy of the clinical and pathologic records of the 
fatal cases The first four are quoted from MacLachlan,^ who reviewed 
the literature to 1909 and m his report summarized the clinical features 
of formaldehyd poisoning 

REPORT OF CASES 

Case 1 (Reported b} Bock" in 1899) — A man, aged 26, took 3 ounces 
(89 cc ) of solution of formaldehjd U S P (formalin 100 per cent ) and died m 
thlrt^-t^\o hours 

Cluneal Couise — The patient immediately vomited blood tinged mucus and 
had se^ere epigastric pain Demulcents and apomorphin were given at once 
resulting m free emesis The patient continued weak and vomited repeatedly 
Sixteen hours later the pulse first weakened The patient remained in status 
quo until the twent 5 ^-ninth hour, when the heart failed rapidl}" At the thirtj- 
second hour, there was cyanosis, coma and then death 

Pathology — The lower end of the esophagus showed marked erosion The 
stomach wall and duodenum were very much congested and cut like leather 
Microscopic examination was not made Other findings were not abnormal 
C4 .se 2 (Reported by Levison=‘ in 1904) —A man, aged 60, took 3 ounces 
(89 cc) of solution of formaldehyd U S P (formalin 100 per cent) and died 
in tvent\-nine minutes 

Clinical Couise — The patient was found vTithing in pain and unable to 
speak He did not vomit even after three-tenths grain (0 018 gm ) of apomorphin 
Lavage was attempted, but the tube could not be passed on account of spasm 
of the pharjmx The patient died of cardiac failure in twenty-nine minutes 
after taking the poison 


=^From the Laboratory Service of Mt Sinai Hospital 

1 MacLachlan Cleveland M J 8 606, 1909 

2 Bock Fort Wajne M J 19 249, 1899 

3 Levison, LA J A M A 42 1492 (June 4) 1904 
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Paiholotjy— The esophagus, stomach and small mtestine were literally 
“hardened ” 

Case 3 (Reported hj' Bose '' in 1905) — A man, aged 47, took 3 ounces (89 c c ) 
of solution of formaldehjd U S P (formalin 100 per cent ) and died in thirteen 
hours 

Chutcol Com St The patient was found shortly after taking the poison, 
unahle to speak, with hands on abdomen and apparently in great pain He 
did not vomit before admission to the hospital After a lavage he was able to 
talk rationall} He started to vomit almost at once and continued all that 
night the \omitus being blood tinged The patient gradually sank but developed 
no other sjmptoms and died the next day, thirteen hours after the ingestion of 
the poison 

Pathologv — The esophageal and gastric mucosa was intensely congested, as 
was that of the small and large intestines Some slight changes in the paren- 
clnmatous organs were noted 

Case 4 (Reported bj Palmer in 1906) —A man, aged 29, took about 7)/. 
ounces (222 cc) of solution of formaldehvd U S P (formalin percentage not 
gnen), and died m three da\s 

CItiucal Com<;c — Sliortlj following ingestion, the patient experienced intense 
abdominal pain and collapsed When admitted to the hospital, he was tender 
o\er the epigastrium He \omitcd blood tinged fluid, was slightly delirious 
and had a marked feeling of constriction of the throat He was given a dilute 
solution of ainmonia followed bv demulcents The next day his mind was 
wandering but he was m no special pain Two days later, he became markedly 
delirious, noisj, and at times maniacal During one of these attacks, his pulse 
failed, his breathing became shallow', and his heart stopped 

Pathologv — The blood e\er} where W'as found dark colored and fluid The 
mucous membrane of the low'er end of the esophagus and the gastric mucosa 
were tanned, and the parench} matous organs were somewhat congested 

Case 5 (Reported by Ely® in 1910) — A boy, aged 3 years, took a few drops 
of solution of formaldehjd U S P (formalin 100 per cent) and died m about 
fort} -eight hours 

Cltmcal Com sc — The patient was immediately seized with a paroxysm of 
coughing and choking, but the attack soon ceased The child’s mouth was 
rinsed out thoroughly w'lth w'atcr, and he W'as soon at play as if nothing had 
happened 

On the next day, there W'as a hoarse laryngeal cough with accelerated and 
labored breathing The pulse and temperature were normal and in every 
respect the child seemed to be in perfect health A laryngeal application of 
cpinephrin w'as employed with temporary benefit Inhalations of steam were 
advised, and frequent teaspoonful doses of olive oil were ordered to allay 
any pharyngeal or esophageal irritation Fifteen hours later, the child was 
deeply cyanosed and showed every sign of laryngeal obstruction Repeated 
applications of epinephrm were made and the breathing became somewhat easier, 
but during the night, eight hours after admission to the hospital, the child died 

Pathology — Marked thickening of the mucous and submucous coats of the 
epiglottis, larynx and trachea, with a superficial necrosis that extended to the 
bifurcation of the trachea were found The esophagus showed no pathologic 
changes, nor was there evidence of destruction of the mucosa of the mouth and 
pharynx 

4 Bose Indian M Gaz 40 139, 1905 

5 Palmer Australian M Gaz 25 188, 1905 

6 Ely, FA J A M A 54 1140 (April 2) 1910 
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Case 6 (Reported by Watt’ in 1912) — A man, aged 63, took 1 ounce (30 cc) 
of solution of formaldehyd U S P (formalin 100 per cent ) and died in two 
and one-half hours 

Clinical Com sc — The patient left home about 8 00 a m without taking any 
breakfast He was seen about 9 15 a m, w'hen near a well in a public park 
to become rapidly ill He staggeied, doubled up over a low railing and retched 
viscid mucoid material He was put on a seat and soon w'as unconscious with 
his body stretched out and his head bent back over the seat The man was 
supposed by bjstanders to be m a “fit,” and w'as laid out on the grass wnth his 
collar loosened He was breathing “heavilj ,” wnth chest heaving and eyes 
rolling, and w'as perspiring moderately Accounts differ about pallor or 
flushing of the face No convulsions or tw-itchings of the muscles w'ere noticed 
nor was any attention drawm to coldness of the hands and face After being 
unconscious for about fifteen minutes, he graduall> became conscious The 



man did not again \omit, but W'as now' suffering very severe abdominal pain 
This caused him at intervals to double up almost on his hands and knees 
There w'as some froth about the mouth, but no discoloration of the lips or 
mouth was noted He staggered along wuth assistance for about 100 j^ards He 
then fell to the ground writhing w'lth pain, and relapsed into unconsciousness, 
from which he did not again emerge 

At 11 00 a m he was admitted to the hospital, unconscious, collapsed and 
almost pulseless The skin was pale, cold and clammy The mouth was 
opened with a gag but showed no discoloration and did not smell of formal- 
deh\d A.11 reflexes were absent on admission except the corneal reflex This 
also w as lost in a few minutes, and respirations stopped The stomach was 
washed out, stimulants were given and artificial respiration applied, but death 
ocurred at 11 53 a m 

Pathology — No necropsy was done 


7 Watt Brit M J 2 350, 1912 
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C\SL 7 (Rcpoitcd by Mooihcad" in 1912) —A man, aged 30, took 3 ounces 
(S9 cc ) of solution of formaldebyd U S P , 10 per cent, and died m four 
weeks 

Clinical Comic — Ihc patient was admitted to the hospital suffering from 
.icute pcifoiativc appendicitis An opeiation was performed immediately, and 
«i gangrenous appendix was found along with diffuse suppurative peritonitis 
Improxcmcnl aftci the operation was rapid and m a week the temperature had 
tilmost reached normal, though there w'as a profuse local discharge of pus 
\\ hen III this condition, tiie patient w'cnt to a cupboard in the ward and drank 
the lormaldehjd fioni .i bottle there About five minutes later, he was quite 
unconscious The face was stronglj' flushed, the breathing stertorous, the pulse 
96 to the minute, but stead} and latiici full Theie was no discoloration of the 
lips or mouth, but theie was a strong odor of formaldebyd from the breath 
1 he pupils were dilated, conjunctival reflex was picscnt, and the conjunctivae 
were injected The skin o\er the chest and abdomen was pale and moist 

\ ‘^tcunach tulie was passed and the stomach was washed out with strong 
ammonium acetate llie fust w'ashing smelled most strongly of formaldehyd, 
in tact oeerpowenngh so, and contained much altered blood The washing 
was continued until no smell of foimaldchjd could be detected from the water 
as It siphoned liack fiom the stomach Bcfoie this stage was leached, however, 
the patient recoseicd consciousness, in fact, he began to revive as soon as the 
fir«t quantiU ot foimaldelnd had been evacuated He slept well that night 
and the next d.n he seemed almost completely recovered, except for some 
slmht pain in the throat No abdominal pain whatsoever w^as complained of 
The first motions alter the incident w'crc tariy and contained a little mucus, but 
later though fluid, were free of blood 

The subsequent histori wxis unfoi lunate, burrowing abscesses foimed in the 
neighborhood of the apiiendix w'ound and general septicemia ensued Death 
took pkice fnc weeks after admission 

Palliflloc/v — Patches of fat ncciosis w'cre found in the abdomen, the inteiioi 
oi the esophagus and stomach were cxticmely corroded, the most marked coi- 
rosioii being found close to the pylorus No signs of irritation w'ere found in the 
duodenum or elscwhcie in the alimentaiy canal Apart from the changes 
common!} found in the organs in fatal cases of septicemia, nothing else abnor- 
mal was detected 

C\SL 8 (Reported be Shaposhnikofl ” m 1912) — A w'oman, aged 21, took 
30 c c of solution of foimaldchyd U S P (formalin 100 per cent ) and died in 
nine da} s 

Clinical Com 1 C —The patient, not knowing that she would become uncon- 
scious, lay w'lthout help until the next morning after she had taken the dose 
She then had a seveie burning in the abdomen and in the tin oat, she cried 
for help She w-as brought to the hospital In a short time, she had her 
stomach W'ashcd out A strong odor of formaldehyd came from her mouth On 
examination there was marked hyperemia around the uvula and, m a few 
places, small white areas without epithelium Laryngoscopy showed wide- 
spread hyperemia There was shortness of breath The pulse was 126 , the 
temperature, 38 5 C Lungs and heart were negative There were tiacheal 
rhonchi The pain in the abdomen decreased The urine in output, color and 
odor w’as normal , there was no albumin She was given soda watei and milk 
Three days after admission, she was fully conscious, the pulse w'as 120, the 
temperature, 39 5 C Pneumonia was found in the left upper and lower lobes 
The urine, 1,000 cc, contained albumin On the fourth day, there was 
pneumonia on the other side The temperature was 40 8 C , the sputum was 


8 Moorhead Brit M J 2 1470, 1912 

9 Shaposhnikofl Terap Obozr , Odessa, 5 537, 1912 




Fig 2 — Edema of the submucosa and muscle of the esophagus after formal- 
dehyd poisoning of three hours’ duration 


siderable abdominal distress The pulse was not obtainable at the wrists The 
temperature rose steadily to 101 5 F just before death 

Three and one-half hours after admission, the patient was extremely nervous 
and flighty 

Fifteen minutes before death, no pulse was obtained at the wrists There 
was extreme cyanosis and marked restlessness 

A heavy trace of albumin and granular casts were noted in the urine 
Pathology — No necropsy was done 

Case 10 (Reported by DeRechter" in 1914) — A woman, aged (^), took 
ounces (45 cc) of solution of formaldeltyd U S P (formalin 32 per cent) 
and died in between twenty and thirty minutes 

Chiiical Course The patient had immediate pain and vomited black, bloody 
masses , the pulse was feeble She died m between twenty and thirty minutes 


10 Christie Personal communication from the author The patient died m 
Lakeside Hospital, Cleveland, in 1914 

11 HeRechter Arch Int de Med Legale 5 44, 1914 
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Pathology The haidcning to a leathery consistency of the mucosa of the 
tongue, cheeks, esophagus, stomach and the uppermost meter of the small 
intestine was obseived There also was hardening of portions of organs 
neighboring the stomach (lung, spleen and pancreas) 

Case 11 (Reported by Maix’" in 1919) — A woman, aged 27, took 4 ounces 
(118 cc) of solution of formaldehvd U S P (formalin 47 per cent) and died 
in sixU-two hours 

Chmcal Cou) a — The patient had pain m the chest and epigastrium, followed 
m fifteen minutes by vomiting These sjmptoms continued for a few hours 
The gastric lavage was followed by dj'spnea, cyanosis of the face and hands 
and a feeble pulse There was no loss of consciousness There was no 
impro\ement of the pulse following stimulation 

No disturbance of micturition occurred The temperature ivas normal for 
the first few dajs, rising to 100 F shortly before death 

Pathology — Marked hyperemia and edema of the brain and lungs and 
ecclnniosis of the pleural cpicardium w'cre present, 200 c c of purulent exudate 
WMS obscr\ed in the abdominal cavity No abnormalities of the mucosa of the 



Fig 0 — Early acute inflammation of stomach, showing linear ulcers, hemor- 
rhage and edema, after formal} dehvd poisoning of three hours’ duration 

lips, floor of the mouth or ciieeks w'ere seen That of the pharynx and larynx 
was injected but intact The esophageal mucosa w'as grayish led, dry and 
somewdiat w'rinkled, with changes most marked toward the stomach The 
stomach, contracted and grayish-red, contained about 100 c c of brown matter 
with intermingled flecks of sloughed mucosa The mucosa of the stomach was 
markedly tumefied and on the crests of the folds was converted into a friable 
eschar In the region of the p}lorus, the sloughs were white These peeled 
off readily The underlying areas were grayish red In portions of the fundus, 
the mucosa in places was completely absent The stomach wall was every- 
where thickened and infiltrated by dark blood 

Miooscoptc Examination — Parenchymatous and fatty degeneration of the 
liver parenchyma was observed with degeneration of the kidneys and patchy 
necrosis of the tubal epithelium, especially in the region of the pyramids, with 
marked hyperemia The heart muscle showed no abnormalities In the lower 
portion of the esophagus in places, there was loss of surface epithelium with 
necrosis of the tunica propria in these areas In other places the epithelium 


12 Marx Med Klin 15 925 1919 
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was perfectly intact The stomach showed marked alteration The entire 
surface epithelium A\as necrotic In many places the necrosis reached the 
muscularis mucosae The submucosa showed extensive hemorrhage and small 
mononuclear round cell infiltration reaching to the serosa 

Case 12 (author’s case) —A woman, aged 33, took from 2)4 to 3 ounces 
(74 to 89 cc) of solution of formaldehyd U S P (formalin 100 per cent) and 
died in three hours 



P'S 4 — Linear ulceration, hemorrhage and marked edema of stomach after 
formaldehjd poisoning of three hours’ duration 


Clinical Com sc — The patient, who rvas unconscious, was brought to the 
hospital forty-five minutes after drinking the formaldehyd 

She nas a slender, nhite woman, unconscious and in shock Her pulse 
was thread} , her e}es were half opened, the conjunctivae were injected, and 
the skin was cold and clammy Gastric lavage was performed Stimulants 
were given intravenously The patient did not respond and died three hours 
after the ingestion of the formaldehyd 
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Pathology — Necropsy was peifoimcd eighteen hours postmortem The 
anatomic diagnosis was early acute gastritis (marked) following ingestion 
of foimalclehjd solution, early acute enteritis (moderate), acute cardiac 
dilatation (light) moderate, teiminal pulmonary edema (slight), and healed 
peritoneal adliesions The probable cause of death was shock following formal- 
delnd poisoning witli marked early acute gastritis and moderate early enteritis 

Of interest in the necropsy W'eie the follownng points There were a few 
iiemorrhages obser\ cd in the mucous membrane of the inner surface of the lips 
The mucosa of the esophagus throughout w'as whitish, perhaps slightly thick- 
ened The submucosa show'ed some thickening by clear fluid The stomach 
was sc\eial times the areiage si^e, contained about a liter of partially digested 
food and brownish, somew-hat oil} fluid, wdiich on distillation gave the typical 
reaction foi formaldelnd The wmlls were gieatly thickened, from 5 to 10 mm 
This was most marked in the mucosa and submucosa, especially near the cardia, 
which was water\ and gelatinous in appeal ance The mucosa had a pigskin 
appearance w ith linear ulcerations and an almost diffuse dull reddish appearance 
suggesting hemorrhage The duodenum showed modeiate swelling, injection 



Fig 5 — Early inflammation wnth maikcd edema of duodenum after foimal- 
deh}d poisoning of three hours’ duration 


and hemorrhage of the mucosa The cecum and ascending colon also showed 
some injection The remainder of the colon and rectum showed no appreciable 
abnormalities 

Mictoscopic Daciiptioii — Section of the esophagus showed an intact sur- 
face epithelium The submucosa and to a less extent the muscle showed a 
moderate amount of amorphous pink stained material separating the fixed 
tissue The blood vessels w^ere engorged and contained somewhat more 
numerous nucleated cells than normal There were a few wandering cells 
m the regional fixed tissue 

One section of the stomach showed in two places superficial ulceration of 
the mucosa a few hundred to 500 microns in width, extending only half way 
through the mucosa About these ulcers there was marked infiltration of the 
tissues by red blood cells (not laked) In the base of each there were abundant 
wandering cells The striking change m the mucosa was apparently the 
marked edema The mucosa was 2 5 mm m width The blood vessels were 
everywhere engorged There were areas of hemorrhage and a moderate number 
of wandering cells in the loose stroma The hemorrhage about the ulcerations 
continued for a small distance into the submucosa This coat was strikingly 
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edematous apparently, :n places 4 mm m width The muscle and serosa showed 
a similar picture of marked edema The blood vessels were somewhat engorged 
There were no wandering cells m the fixed tissue of the outer coats A second 
section, from 7 to 8 mm in width, showed a similar picture with areas of linear 
ulceration, one of which continued to the submucosa The blood m the mucosa 
was in striking contrast to that in the serosa In the former position the red 
cells were intact, in the latter they were laked Both sections showed striking 
engorgement of the vessels in the inner portion of the submucosa 

Section of the duodenum showed a picture of moderate edema of the mucosa 
and marked edema of the submucosa The engorged blood vessels m the latter 
coat, with the blood in great part, was laked, and there were a moderate number 
of wandering cells in the mucosa and submucosa The innermost portion 
of the mucosa, especially of the villi, was in great part necrotic, with con- 
siderable separation of the tissue by amorphous, pink stained material The 
picture resembled postmortem change 

Section of the jejunum showed considerable desquamation of the surface 
epithelium There was slight edema of the mucosa and apparently moderate 
edema of the submucosa A number of blood vessels showed within and about 
them a moderate number of wandering cells The blood in great part was laked 

SUMMARY OF PATHOLOGIC CHANGES IN FATAL CASES 

Of the twelve fatal cases, ten came to necropsy In all these, the 
changes were most maiked m the lower esophagus and to an even 
greater extent in the stomach The changes m these organs varied 
fiom simple hardening of the tissues to extreme corrosion Frequently, 
marked congestion and edema were present with areas of erosion and 
of hemorihage Occasionally similar but less marked changes were 
observed in the duodenum and even jejunum The remainder of the 
ahmentar} canal rarely showed any abnormality In cases continuing 
thirteen hours oi longer after ingestion of the formaldehyd, degenerative 
changes in the parenchymatous organs weie noted, varying from slight 
cloudy swelling to fatty degeneration and even patchy necrosis In a 
few cases the blood was still fluid and was dark red at the time of the 
necropsy One case of sixty-two hours’ duration showed 200 c c of 
purulent exudate in the abdominal cavity In this case there was con- 
siderable involvement of the stomach with inflammatory changes reach- 
ing to the serosa In one case death was apparently due to diffuse 
bronchopneumonia In a few others, there was a terminal pulmonary 
edema In one case the changes were practically limited to the respira- 
tor)^ tract as far as the bifurcation of the trachea 
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CHANGES IN THE HEART RHYTHM ASSOCIATEE 
WITH CHEYNE-STOKES RESPIRATION 

DISPLACEI\rENT OF PACEMAKER TO BRANCHES OF 
BUNDLE OF HIS 

WILLIAM H RESNIK, MD 

AND 

F VV LATHROP, M D 

■BALTIMORE 

The influence of lespuation and of vagal stimulation on the location 
of the cardiac pacemakei and on the form of the ventiicular electrocar- 
diogiam has been iCMewed b} \Vilson,’^ and need not be detailed here 
In brief, so fai as man is concerned, the pacemaker may be displaced 
from Its noimal location at the smo-auiicular node to the auriculo- 
ventiiculai node, and \agal stimulation may affect the form of the 
\entnculai elcctiocaidiogiam by pioducing a bundle branch block In 
tlie case descnbed below, marked alteiations in the cardiac mechanism 
ueie associated ^\lth Chej ne-Stokes respiration and were brought about 
b} vagal stimulation In this instance, changes in the foim of the 
^entrlcular complexes weie due to displacement of the pacemakei into 
the branches of the His bundle, and it is the pin pose of this paper to 
leport such a disturbance in the cardiac mechanism 

REPORT or CASE 

The patient, a colored man, aged 43, entered the hospital, Aug 4, 1924 His 
complaint was “shortness of breath and swelling of the legs" About three 
months before his admission, he began to suffer with dyspnea on exertion, 
cough, nausea, epigastric discomfort, and edema of the ankles and legs These 
sjmptoms increased in severity, and he was obliged shortly to leave his work 
On physical examination, he presented the usual signs of severe myocardial 
failure His heart was enlarged, and there were typical signs of dilatation of 
the aorta and aortic insufficiency The blood Wassermann reaction was 
positive The respiration ivas labored and Cheyne-Stokes in character, with 
periods of apnea of from twenty to twenty-five seconds’ duration At the 
end of a period of apnea, the heart rate slowed rapidly but not abruptly, to a 
rate considerably below that present during the period of dyspnea About fifteen 
to twenty seconds after the onset of respiration, the heart rate began to increase 
and, w'lthin about tw'cnty seconds, was again equal to that observed during the 
preceding period of dyspnea No improvement took place with the usual forms 
of therapy, including digitalis administration After the development of a 
cerebral vascular accident and a resultant hemiplegia, he wms transferred, 
August 28 to another hospital, where he died a month later Permission for 
necropsy was not obtained 


From the Cardiographic Laboratory of the Johns Hopkins Hospital and 
University Medical Department 

1 Wilson, F N Arch Int Med 16 86 (July) 1915, ibid, 16 1008 (Dec) 

1915 
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The relation between the changes in cardiac mechanism and respiration is 
shown in a semidiagrammatic chart (Fig 1), based on a continuous record of 
the heart and respiration taken during an entire apneic and part of the follow- 
ing dyspneic period 

It may be stated at once that the vanous changes m caidiac mecha- 
nism described below were dependent on vagal stimulation Suitable 
doses of atropin caused their complete disappearance 

Artel tal Blood Gases — The peculiai and constant relationship of the 
onset of vagal stimulation to the end of the apneic and beginning of the 
dyspneic phases of respiration, and its persistence up to the height of the 
dyspneic period, suggested that the increase in vagal tone was brought on 
by the same factors that initiated lespiration Before the electrocar- 
diographic curves are described, it may be of some interest to examine 


j onict of a.^/)O€0 



Fig 1 — Semidiagrammatic chart based on continuous electrocardiographic 
record on which respiration was recorded Upper curve heart rate, accurate 
except at the lowest rates Since these occurred during a relatively short 
period of time, any changes that occurred would be greatly exaggerated if 
calculations were made for the rate per minute The shaded area shows the 
difference between ventricular and auricular rates, the ventricular rate at this 
time always being greater than the auricular which sometimes averaged only 
4-8 beats per minute Middle line condition of aunculoventncular con- 
duction, the straight line being the normal, the lightly stippled area repre- 
senting slight block, and the heavily stippled area, more marked or complete 
block The exact time at which these changes took place could not be 
determined, and this diagram is more or less schematic The lower curve 
represents the respirations, and is accurately charted from the respiratory curve 


ceitain data, which, although incomplete, give some information concern- 
ing the cause of the periodic increases m vagal tone 

Aitenal blood was obtained during both the apneic and dyspneic 
periods The needle was inserted in the brachial artery and the collec- 
tion of blood was started about five seconds befoie the end of apnea 
With the first attempt at inspiration, the patient was requested to con- 
tinue to hold his breath in expiration foi five moie seconds until a 
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satisfactoiy sample was obtained The needle was letained in the 
aitery until the height of dyspnea, when he was requested to continue 
breathing at the same rate and depth until a second sample of blood was 
piocuied The specimens of blood may be considered to represent good 
aveiages of the arteiial blood at the end of apnea and at the height of 
dyspnea The blood was obtained under oil and handled with the usual 
piecautions It was anal3’’zed in duplicate by the method of Van Slyke 
and Stadie - 

The figuies obtained on analysis are shown in the accompanying 
table 

There was piacticall} complete oxygen saturation during the dyspneic, 
and a high degree of saturation at the end of the apiieic period Oppo- 
site changes took place m the carbon dioxid content which was somewhat 
lowei than the normal These results confiim those previously obtained 
b}’’ analyses of the alveolai air at diffeient periods of the respiratory 
c}cle m Che} ne-Stokes i espiration , ^ dm mg dyspnea, the tension of 


AAerial Blood Gases 



End of Apnea 
(Duration, 20 Seconds) 

Middyspnea 

Oxjgen content 

15 78% bv volume 

16 17% by volume 

1C 15% by volume 

Oxigen capaclt^ 


Oxygen s itur ition 

97% 

100% * 

C irbon dioxid content 

41 00% by \ olume 

38 87% by volume 


^ Ihis figure is calculated on the basis of the o\jgen capacity of the apneic blood Since 
the blood auniig the djspncic period was undoubtedly more alkaline, the oxygen capacity 
would line been higher, ind the oxjgcn situration slightly lowei 


oxygen inci eases, the tension of caibon dioxid decreases, duiing apnea, 
reverse changes take place In addition, it has been found that the 
hydiogen ion concentration of the blood is higher at the end of apnea 
than during dyspnea ^ 

According to Haldane,^ Che) ne-Stokes lespiration is always an 
evidence of oxygen want As the aiterial blood was practically fully 
saturated in this patient, anoxemia must have been chiefly of the stagnant 
type, the slight anemia being disiegaided In the absence of analyses of 
the venous blood such an assumption is leasonable in view of the fact 
that the patient was stiff eiing from a seveie degiee of heart failure 

It has been found ^ that administiation of oxygen oi carbon dioxid 
causes the periodicity in Cheyne-Stokes i espiration to disappeai In our 
patient, the addition of carbon dioxid in the presence of a high concen- 

2 Van Slyke, D D , and Stadie, W C J Biol Chem 49 1 (Nov ) 1921 

3 Hale White, W , Ryffel, J H , Boulton, E P , Johnson, W, and Chis- 
holm, R A Quart J Med 7 389, 1913-1914 

4 Hale White et al (Footnote 3) Pembrey, MS J Path & Bacteriol 
12 258, 1908 

5 Haldane, J S Brit M J 1 409 (March) 1921 
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tration of oxygen had such an effect® As the increased concentiation 
of oxygen in the inspired air could have had no appreciable effect in 
raising the arterial oxygen content, the disappearance of Cheyne-Stokes 
breathing was due to the increased stimulus to i espiration brought about 
b}’’ elevation of carbon dioxid tension of the arterial blood 

Since the administration of carbon dioxid caused the disappearance 
of the periodic increases of vagal tone, it seems probable that the occur- 
rence of this phenomenon at the end of the apneic period was not due 
to the increased carbon dioxid tension and hydrogen ion concentration 
of the blood over that prevailing during the dyspneic period It appears 
more likely that the slight lowering of arterial oxygen saturation added 
to the already marked stagnant anoxemia produced a final anoxemia 



Fig 2 — Normal and more rapid rhjuhm In this and subsequent figures, 
the heav> time lines represent 0 2 second 

of sufficient severity to stimulate the cardio-inhibitoiy center" That 
the heightened vagal tone persisted and increased during the early pait 
of the dyspneic period is ascribed to the shallow and consequent!} ineffec- 
tive respirations at this time 

6 Actually, we attempted to administer oxygen without inci easing the 
carbon dioxid content of the inspired gas This was done before we knew the 
figures of the blood gas analyses When it was learned that the dyspneic blood 
was practically fully saturated with oxj^gen and that oxygen administration 
could have had no significant effect in increasing the oxygen content of the 
arterial blood, we were led to examine the apparatus used for oxygen admin- 
istration and found that its soda-lime was not effective in completely absorbing 
carbon dioxid, that is, the patient had been subjected to increasing tensions 
of carbon dioxid Owing to the critical condition of the patient w'e were unable 
to make am further respiratory studies 

7 Greene, C \V , and Gilbert N C Am T Phvsiol 60 155 (March} 1922 
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DESCRIPTION or ELECTROCARDIOGRAPHIC CURVES 

In Figure 2 are shown the electi ocardiograms taken dunng the 
normal and more rapid ih 3 '-thm The rate was 100 oi slightly less, the 
P~R and Q-R-S intervals were 0 20 and 0 08 second, respectively , the R 
waves were notched, the T waves were negative in Leads II and III 
We shall lefer to the type of complexes represented in this cni\e as the 
noimal for the individual 

Displacement of Paceinakei to Bundle Bianch — Figure 3 (Lead II), 
taken on August 6, after the patient had leceived 0 8 gm of powdeied 
digitalis leaf, illustiates the last three cycles of the rhythm prevailing 
during the peiiod of slow heart action and the lesumption of the normal 
ihythm The R-R inteivals of the three cycles are 2 25 and 2 22 
seconds, lespectively No P waves can be seen to precede the ventricular 
complexes, ivhich aie of abnormal form Following the T wave of the 
second cycle there is a small wave of auricular origin to which theie is 
no ventnculai response The T wave of the third ventnculai cycle is 
deformed b) anothei P wave, which is followed after 0 36 second by 


Fig 3 — Lead II, showing termination of abnormal rhythm and onset of 
normal rhythm No P waves precede the first three ventricular cycles, which 
are of abnormal form Shortly after the second T wave and superimposed on 
the third T wave are the outlines of auricular waves 

i 

a noimal ventnculai complex This is succeeded b} the restoration of 
the normal rhythm and a gradual increase in heart rate 

The gradual change m rate before the onset of the new ih}thni 
(shown in other figuies) and its slow rate show that it is of the so-called 
homogenetic type There aie two possible interpretations of this 
rhythm (1) The impulse may have originated m the His bundle and 
ha^e tiaversed one branch due to a blocking of the other, (2) the 
impulse may have arisen m one of the bundle branches of the ventnc- 
nlai conduction system 

Figuie 4 (Lead II), taken on the same day, shows the changes in 
cardiac mechanism occuri mg at the end of the apneic and the beginning 
of the dyspneic phases of respiiation The heart rate, which six seconds 
pieviously had been about 85, is slowing rapidly The first three cycles 
are of normal form The third is followed after an interventricular 
Intel val of 2 04 seconds by a ventricular complex similar in form to 
tho^e present at the beginning of Figure 3, and it is reasonable to assume 
that Its oiigin is the same It is preceded by an auricular wave of normal 
form which has no relationship to it, since the distinctly shortened P-R 
interval indicates that the auricular impulse arising at the smo-auncular 
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node has reached the ventricle aftei it had entered into activitr The 
fifth ventricular beat is an extrasystole The sixth and seventh ventric- 
ular cycles (the last and fiist of the upper middle curves, respectively) 
are of normal form, and occur in response to supraventriculai stimuli 
The eighth ventricular cycle takes place after an interventriculai interval 
of 2 30 seconds and its foim is similar to the fourth It is followed by 
an inveited P wave, and after a P-R interval of 0 21 second there is a 
normal ventricular complex The succeeding cycles occui at gradually 
increasing rates and have a normal form The relatiopship of these 
changes to respiration is well shown by the lespiiatory curves at the 
bottom of the records 



Pig 4 — Lead II, showing onset of idioventiicular rhythm The curves are 
continuous, and illustrate the relationship of the changes in rhythm to 
respiration The fourth and eighth ventricular complexes are abnormal in form, 
the sixth and seventh, normal, responding to auricular impulses The ninth 
ventricular cycle occurs in response to a stimulus arising in the auriculo- 
\entricular node Following this, the normal rhvthm is restored The curve 
at the bottom of the record represents respiration, the upstroke being inspiration 
The records begin with the onset of the dyspneic period 

These curves demonstrate that, of the two possibilities for the origin 
of the abnormal rhythm, the second is the coriect one, namely, the 
origin of the ventricular impulse was in one of the branches of the His 
bundle When, after the onset of this rhythm, the auricular impulses 
occur at such a time that the ventricle can lespond (Cvcles 6 and 7), the 
form of the ^ entncular complex is normal The possibility that a bundle 
branch block may have existed and disappeared is eliminated bv the fact 
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that when the auiiculai impulses diop out again, the abnoimal t}pe of 
complex returns (Cycle 8) 

Figure 5 (Lead I) is a curve taken, August 7, after the patient had 
been given 1 gm of powdeied digitalis leaf The respiration is not 
recoided, but, as was noted on all previous occasions, the slowing and 
change in ihythm occuiied at the end of a period of apnea The first 
two cycles are of normal outline The third ventricular cycle is not 
pieceded by an aunculai wave, and its form is abnormal A blocked 
auriculai wave follows after an interval of 0 36 second The next 
ventiiculai cycle is similai to the fourth An auricular wave follows 
after an inter\al of 0 52 second, and is lesponded to after 0 23 second 
by a noimal ventricular complex The sixth and eighth ventnculai 
cycles aie similai in foim to the third and fourth, and both are followed 
b\ ectopic beats Between the last two pairs of ventricular beats can 
be seen the outlines of apparently normal auricular waves They follow 
the preceding ventnculai c)'^cles at inteivals of 0 28 and 0 3 second 
1 espectn el}'’ The occuiience of the noimal type of ventricular complex 
in response to the preceding auricular impulse (fifth ventricular c}cle) 



Fig 5 — Lead I, showing onset of idioventricular rhythm at third cycle 
The fifth ventricular complex is normal, responding to an auricular impulse 
There are blocked auricular beats after the third, sixth and eighth ventricular 
cjcles The seventh and ninth ventricular cycles are extrasystoles 

soon after the onset of the abnormal rhythm points men more con- 
clusively to the assumption that the noimal form of the ventricular com- 
plex in this instance was not merely due to a temporary disappearance 
of \agal tone The abnormal rhythm peisisted for approximately 
twenty seconds after its onset, and it is almost certain that vagal tone 
was increasing rather than deci easing at the time when this ventricular 
complex was lecorded ^ 

For the same reason, the seventh and ninth ventiicular beats piobabh 
have no i elation to the aunculai impulses which precede them, since 
the refractory peiiod of the auriculoventricular node was greater than 
0 36 second but a few seconds before at the onset of the heightened 
vagal tone 

Othei recoids illustiating essentially the same events weie procured 
on different occasions Although the changes in rhythm were present 
before digitalis was given, it was found that after effective doses of 
digitalis, sufficient to produce nausea and vomiting, the abnormal rhythm 
began to appear earlier in the apneic periods, due undoubtedly to an 
increase in vagal tone by the drug 
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The duration of the pause necessaiy foi the development of the 
abnormal rhythm varied on different days Thus, the intervals preceding 
the two idioventricular beats in Figure 4 were 2 04 and 2 30 seconds 
In Figure 5, these intervals were 1 48, 1 42, 1 47 and 1 46 seconds 
Rarely, the idioventricular rhythm failed to appear even after a pause 
greater than was usually necessary on that day Foi example, in Figure 
4, the interval between the eleventh and twelfth cycles, both normal, was 
2 23 seconds, wheieas the first idioventricular beat occurred aftei 2 04 
seconds It may be seen, in Figure 5, that the returning cycles of the 
idioventricular rhythm after disturbance by the normal cycle or the 
premature ventricular beats were of approximately the same length as 
the cycles of the idioventricular rhythm (comparison should be made 
with Figure 7, taken a few minutes latei ) This has been described 
before by Hering ® 

Aw ladoventncnlar Rhythm — August 11, there was a short period 
of auriculoventricular rhythm, which began duiing a period of apnea 
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Fig 6 — Lead III, auriculoventricular rhythm 


and persisted to the middle of the next dyspneic period This ihythin 
IS illustrated in Figure 6 (Lead III) The mveited P wave and the 
shoitened P-R interval (0 13 second, the normal for the individual is 
0 2 second) point to the upper part of the aunculoventi ictilar node as the 
site of origin of the rhythm 

Aw icnloventi icidoi Block — The changes in cardiac mechanism 
described above were associated with aunculoventi icular heart block 
(Fig 1) In general, it was found cthat, with the development of the 
abnormal rhythm, the P-R interval of a normal inteiiupting cycle was 
increased With the continuation of the idioventnculai rhythm, auric- 
ular beats were blocked sometimes after a long ventnculai pause, 
apparentl} adequate for recovery of the auriculoventricular node The 
degree of auriculoventricular block diminished just before the restora- 
tion of the normal rhythm 

In Figure 5 there is a blocked auricular impulse occuiimg 0 36 
second after the onset of the third ventricular cycle , 0 52 second after 

8 Hermg, H E , cited by Lewis, T The Mechanism and Graphic Regis- 
tration of the Heart Beat, London, 1920 



RESNIK-LATHROP—HEART RHYTHM 


237 


the next ventnculai cycle theie is an auiiculai wave winch is followed 
by a normal ventricular complex after a P-R interval of 0 23 second, 
the usual P-R interval for this subject being 0 20 second Figure 7 
(Lead I) is a continuation of a record m which the idioventriculai 
ihythm had been piesent for about fifteen seconds In the upper pait 
of the curve aie six C 3 ''cles of the idioventi icular rhythm No definite 
P waves aie seen Thnty-two hundiedths second before the seventh 
venti icular cycle (the fiist of the lowei lecord which is a diiect con- 
tinuation of the uppei) and 1 16 seconds after the sixth venti iculai 
cycle (the last of the upper curve), there is a noimal auricular wave 
Since the ventnculai cycle following the auricular wave is exactly 
similar m outline to the othei ventricular complexes of the same rhythm, 
one may conclude that it boie no i elation to the auricular impulse, and 
that theie was present a complete auiiculo venti icular block, since, aftei 
a long period of lecovery, the venti icle failed to respond to the am icular 
impulse Because of the movement of the patient, it is difficult to detei- 



Fig 7 — Lead I, showing idioventricular rhythm which had been present 
for fifteen seconds The upper and lower curves are continuous Between the 
sixth and seventh ventricular cycles (the last of upper curve and first of lower) 
there is a blocked aunculai complex, occurring 1 16 seconds after the sixth 
complex The tenth ventricular complex is normal, responding to an auricular 
impulse , the preceding R-R interval is 1 36 seconds The next ventricular cycle 
IS idioventricular in origin, the preceding R-R interval being 1 52 seconds The 
twelfth and thirteenth ventricular cycles (the last two of the lower curve) are 
normal, and are the first two of the restored normal rhythm The P-R interval 
of the twelfth cycle is 0 32 second, of the thirteenth 0 2 second 

mine whether or not an aunculai beat occuis between the eighth and 
ninth ventricular cj'^cles The next aunculai* beat is followed by a 
supraventricular complex after a P-R interval of 0 22 second Four- 
tenths second after the eleventh ventricular cycle there is another 
aunculai wave, and, owing to the short penod of recovery, the ventncle 
1 esponds aftei an interval of 0 32 second The P-R interval of the next 
(and the succeeding cycles of the lestored normal ihythm) is 0 20 
second, normal foi this subject In Figuie 4, the ninth ventnculai 
complex occurs m response to an inverted P wave after a P-R interval 
of 0 21 second The form of the P wave points to the auriculoventric- 
ular node as the site of origin of the stimulus for this cycle Since 
the P-R inteival was increased over the normal interval of 0 20 second, 
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that IS, vagal stimulation caused a forward block, the impulse must have 
arisen in the upper portion of the node ® 

Aiiuciilar Standstill — ^\Vhen the idioventricular rhythm persisted for 
fiom twent}’^ to twenty-five seconds, impulse formation m the auricle was 
frequently inhibited to such an extent that only one auricular wave was 
seen in a period of about fifteen seconds 

Comment on Changes in Rhythm — The changes in cardiac mecha- 
nism due to vagal stimulation that we have described above are con- 
sistent with previous observations, experimental and clinical In this 
patient, the important effect of vagal stimulation was to produce dis- 
placement of the pacemaker to the branches of the His bundle, auriculo- 
ventricular block of varying degree, aunculoventricular rhythm, and 
marked slowing of impulse formation at the smo-auricular node 
Experimental!}, the development of heart block and of auriculo- 
■\entricular rhythm, and the displacement of the pacemaker into one of 
the branches of the A'^entncular conduction s}stem, have been described 
as a result of vagal stimulation In man, heart block due to vagal 
stimulation is well known Wilson has reported the appearance of 
aunculoventricular rhythm during deep respirations So far as we can 
determine, no other instance in man has been described in which the 
pacemaker has been displaced to one of the dn isions of the His bundle 
by vagal stimulation 

Often the idioA entricular beat was followed aftei a short interval, 
usuall} 0 22 to 0 28 second, by an auricular wave Such an occurrence 
is illustrated in Figure 5 The auriculai waves were always of normal 
outline, indicating that their origin A\as in the sino-auncular node The 
fairly frequent association of the idioventricular beat followed by an 
auricular contraction of normal origin permits the suggestion, previously 
made by \Vilson and Robinson,^^ that the contraction of the ventricle 
may hai e stimulated the normal pacemaker mechanically 


SUMMARY AND CONCLUSIONS 

In a patient with Cheyne-Stokes lespiration, marked changes in 
cardiac mechanism occurred at the end of the apneic and the beginning 
ot the d} spneic periods These changes were displacement of the pace- 
maker to the aunculoventricular node and the bundle branches of the 
main stem of the conauction s}stem, depression of aunculoventricular 
conduction and conspicuous slowing of impulse formation at the sino- 
auricular node These changes were due to vagal stimulation 


9 Lew IS, T Heart 5 247, 1913-1914 

10 ilson (Footnote 1, second reference) 

18 715 1913 

11 ilson F N , and Robinson, G C Heart Block Arch Int Med 21 
166 (Jan ) 1918 
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THE OUTPUT OF THE HEART PER BEAT 
IN HEART DISEASE 

I ll RABINOWITCH, MD 

MONTREAL 

Heart failuie, generally, has been recognized to result in slowing 
the circulation of the blood The volume of blood passing through the 
bod}' at any moment is numerically represented by the product of the 
pulse rate and the output per heart beat Since the pulse rate is gen- 
eially increased m cases of heart failure, it appears reasonable to infer 
that the slowing of the circulation is due to a greater relative decrease 
in the output per beat 

The output of the heart per minute in man has been measured by 
numerous workers^ In normal subjects, it has been found to vary 
between 3 8 and 6 liters Thus, Lowey and von Schrotters (1903) give 
4 2 liters, Plesch (1909), 3 1-5 3, Markoff, Muller and Zuntz (1912), 
4-6, Muller (1913), 4 5-5 5, Boinstein (1913), 5-6, Christianson, 
Douglas and Haldane (1914), 4, Means and Newburgh (1915), 4-4 5, 
Lundsgaard (1916), male 5 3, female 3 8, and Meakms, Dautrebande and 
Fetter (1923), male 6 5-8 and female 5 5-7 liters Lundsgaard ^ found 
a marked decrease in the volume output of heaits in disease as com- 
paied with those of normal persons 

Usually one of two methods, or modifications of them with no 
essential change in the underlying principles, is employed in determining 
the output of blood per unit of time m man One method is based on 
measurement of the amount of nitious oxid taken up in unit time from 
a mixture of nitrous oxid and air with which the lungs are filled The 
other consists of simultaneous determinations of the oxygen contents of 
aiterial and venous blood, and the rate of oxygen absorption in the lungs 

In calculations based on data in which the latter piocedure is 
employed, it is geneially assumed that the arterial blood is saturated. oi 
nearly so (95 pei cent ) Though this assumption may be approximately 
correct in many instances other than heart disease, in the latter this 
does not always hold true It is geneially lecognized that during heart 
failure, owing to passive congestion of the lungs, there may be a marked 
impairment m the efficiency of the lattei to aerate completely the blood 

From the Department of Metabolism, Montreal General Hospital 

■= This work was done with the technical assistance of Miss Kathleen Wylde 

1 Lundsgaard, C J Exper Med 27 129 (Jan) 1918, Deutsch Arch f 
khn Med 118 361, 1916 Henderson, Y Physiol Rev 3 165 (April) 1923 

2 Lundsgaard, C Untersuchungen uber das minuten volume des Herzens 
bei Menschen, Deutsch Arch f khn Med 118 513, 1916 
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passing through Usually, also, calculations for the venous oxygen are 
obtained indiiectly, i e , from the use of dissociation curves 

With the development of simplified technical procedures within 
recent ^ears for the direct determination of the oxygen consumption by 
the tissues and the oxygen content of arterial and venous blood, no 
such assumption or indirect calculations are necessary I have, thei ef ore, 
attempted to determine the clinical utility of such procedure 

The object of this communication is to record the results that have 
been obtained in an effort to determine the values for the output of the 
heart per beat by a combined study of arterial and venous oxygen 
content and respiratory air analyses with laboratoiy methods piesentlv 
available 

CRITICISM or METHOD 

Since variations in the oxygen content of the blood fiom an aim 
vein might be caused b}- factors other than the output of the heart per 
beat, the chief objection that maj'- be made to conclusions drawn fiom 
such observations is that the blood is obtained from a single region 
(arm) and is assumed to represent the average of that found from the 
whole body It is known that there are many factors that influence the 
oxygen content of arm vein blood These have been pi eviously discussed 
by Lundsgaard ® This author has aptly suggested comparison of findings 
with clinical observations and postponement of the conclusions until 
sufficient data has been accumulated A few observations appear neces- 
sary here and will be made briefly The fact that the oxygen content 
of A'^enous blood obtained from an arm diffeis from that entering the 
pulmonary artery appeals to be admitted by Barcroft and Nagahaski 
(1921), Peters, Baar and Rule (1921), Uj^eno and Doi (1922), Meakins 
et al (1922 and 1923) and Stewart (1923) More recently Abbott and 
Dawson ^ rather strongly emphasized the unreliability of accepting 
A’’enous blood values so obtained These authors state “We cannot find 
the oxygen content of venous blood by using arm I’^ein blood , with 
changes of temperature in arm environment, this blood varies all the 
wa} from nearly completel) reduced to nearly arterial in composition,” 
and quote the observations of Meakins and Davies to substantiate 
their \iew 

It IS thus obvious that from a consideration of the foiegoing observa- 
tions alone, the method employed here for the estimation of the circula- 
tion rate vould yield results of doubtful clinical value One fact needs 
to be mentioned here, the significance of which will be pointed out later 
The oxj’^gen content of blood taken from an arm vein mar not be the 
same as the oxygen content of the mixed venous blood entering the 

3 Lundsgaard, C Studies of Oxygen in Venous Blood, T Exner Med 

27 179 (Feb ) 1918 ^ 

4 Abbott, M E , and Dawson, W T Internat Clinics 4 155 (Dec ) 1924 
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pulmonary artery But, when talcen under a uniform set of conditions 
in health, it appears to have a fairly constant composition For example, 
the oxygen unsatui ation, when determined by the prescribed method, has 
been found to vary in persons with no heart failure within iiariow 
limits (Table 1) 

This IS an important obseivation since because of this phenomenon 
values for the circulation may be deduced It is suggested that when 
the test IS performed under the uniform set of conditions desciibed, the 
value of the found circulation rate beais the same relation to the true 
ciiculation rate as the oxygen content of venous arm blood beais to the 
oxygen content of the mixed venous blood entering the lungs That is. 
It is possible to obtain a relative measure of the circulation rate Judg- 
ing from the literature, it appears that by all othei procedures values 
of only such nature are obtained This may be attributed chiefly to two 
causes, namely, vaiiations due to (a) uncontrollable physiologic phe- 
nomena and (b) technical difficulties 

Table 1 — Oiygen Unsafut aUon m Peisons WBh no Heait Failnie 


12 normal persons (Lundsgaard) 

12 patients with eonipensated heart lesions (Lundsgaard) 

40 observations on 4 patients nith compensated heart lesions 
(Lundsgaard) 

35 obsen ations on patients with anemia (Lundsgaard) 

10 normal persons (author’s observations) 

15 normal persons (Harrop) 


Venous Ovygen 
Unsaturation 
2 5 to 9 cc 
2 5 to 8 c c 

1 5 to 5 6 c c 

2 5 to 5 5 c C 

3 5 to 5 3 C e 
26to8Sc e 


In testing the clinical utility of a laborator}'' procedure, it need hardly 
be emphasized that a lelative measure of a phenomenon has essentially 
the same piactical value as an absolute measure For example, it is 
recognized that the methods generally employed for the estimation 
of blood sugars do not yield absolute but relative values, since they 
represent not only sugai but total i educing substances Day to day 
fluctuations noted in the course of the treatment of a diabetic patient, 
however, are of definite clinical significance, bearing a relation to total 
carbohydiate toleiance Numerous such examples may be cited 

The values recorded here for the circulation rate are, therefore 
regal ded as i elative In an individual the absolute value for the circu- 
lation late may be expressed as the product of the i elative value and a 
constant Thus, R = r X k, in which R = actual volume output per 
beat , 1 = calculated volume output per beat, and k = constant 

In evaluating the clinical utility of any laboratory test, the clinical 
pictuie must be the guide It will be shown here that by performing 
the work under a definite set of conditions, there is correlation between 
the relative values of the cnculation rate obtained and the clinical pic- 
ture The differences found between the values in normal individuals 
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and those with heart failure are so maiked and consistent that then 
significance appears suggestive, in spite of the possible disturbing factors 
referred to above 

TECHNIC 

The oxygen content and capacity of the blood were determined bv 
the gasoinetric method of Van Slyke ® The technic for the collection of 
the venous blood fiom the arm vein was that followed by Lundsgaard ° 
Arterial blood was obtained from the radial arteiy following the proce- 
dure described by Stadie, that it is a procedure fiee from danger was 
first demonstrated by Hurter ® and since then by Stadie " and Harrop ® 

In order to insuie a successful radial puncture, it is essential to fol- 
low in detail the technic as described by Stadie 

An ordinary 20 cc all glass Luer syringe is used with a Luer needle 
1 to 2 mm in diameter The point of the needle is beieled at an angle of 
about 45 degrees and must be very sharp To prevent the blood from coming 
in contact with air, 1 to 2 cc of sterile liquid petrolatum is poured into the 
barrel of the syringe, the plunger is inserted, and the syringe with the attached 
needle inverted The plunger is forced upward, and the air in the dead space 
at the distal end of the syringe and needle is expelled The excess of liquid 
petrolatum is then forced out so that only a small amount remains m the needle 
and in the small dead space The patient’s arm is laid horizontally upon a 
pillow, the hand is flexed backwards, and the region over the radial artery is 
sterilized with tincture of lodin The end of the left index finger of the 
operator is then sterilized with lodin and, by using this finger in palpation, the best 
site for the puncture is determined (Since the position of the artery is deter- 
mined by palpation, it is advantageous to avoid gloves and use the bare finger ) 
The skin at the site of the proposed puncture is anesthetized with procain 
The syringe and needle are held at an angle of about 45 degrees to the surface, 
the needle is then pushed through the skin, and, after carefully relocating its 
position, the needle is entered into the artery It is essential that the position 
of the artery should be sharply located and the point of maximum pulsation 
chosen (usually opposite the radial styloid) , then the artery is easily entered, 
the pressure of the blood stream forces up the plunger so that suction is unneces- 
sary, and within fifteen to sixty seconds from 10 to 20 c c of blood can be 
obtained The needle is then quickly withdrawn, and, by means of a compress, 
firm pressure is immediately applied over the artery for 1 to 2 minutes, so as 
to obliterate it temporarily and prevent extravasation The wrist is then 
bandaged with three or four thicknesses of compress to get greater pressure, 
and at the end of about three or four hours the bandage may be removed 
If the artery is missed at the first puncture, and especially if a hematoma begins 
to form or blood extravasates around the needle, the operator should desist 
at once 


5 Van Slyke, D D Gasometnc Determination of the Oxygen and 
Hemoglobin of Blood, J Biol Chem 33 127 (Jan ) 1918 

6 Lundsgaard, C Studies of Oxygen in the Venous Blood, J Biol Chem 
33 133 (Jan ) 1918 

/ Stadie, E C The Oxjgen of the Arterial and Venous Blood in Pneu- 
monia and Its Relation to Cyanosis, J Exper Med 30 215 (Sept ) 1919 

8 Hurter Deutsch Arch f khn Med 108 1, 1912 

9 Harrop C A , Jr The Oxygen and Carbon Dioxid Content of Arterial 
and Venous Blood in Normal Individuals and m Patients with Anemia and 
Heart Disease, J Exper Med 30 241, 1918 
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The blood thus collected is transferred to a tube 2 5 by 10 cm in which a 
layer of petrolatum at least 2 cm deep has been placed previously (to prevent 
contact with air) with some potassium oxalate to prevent coagulation Not 
all cases are suitable for arterial punctures, especially when repeated punctures 
are contemplated Many women and some men have small radial arteries, deeply 
situated, and hence difficult to puncture The more rapid and bounding the 
pulse, the easier the puncture, and cases of pulse rates of 70 or below are difficult 
Occasionally, when the artery has been touched with the point of the needle, 
It becomes pulseless, due, no doubt, to reflex vasoconstriction, but after fifteen to 
sixty seconds it relaxes and the puncture may be finished 

Following the puncture there is a numbness of the radial side of the hand, 
but this wears off quickly About 50 per cent of the subjects complain of a 
very slight, dull pain at the wrist lasting about twelve to twenty-four hours, 
but this IS without significance 

I have not met the possible complications, hemoiihage, thrombosis, 
embolism and aneurysm 

All obseivations were made in the postabsorptive state and aftei 
thirty minutes of complete muscular lest, with the arm fiom whch the 
blood zvas to be withdrazvn at absolute lest foi the same penod of time 
The arterial blood was first obtained, and within a few minutes (from 
three to five) the venous blood was withdiawn Foi the determination 
of the oxygen consumption, the Benedict-Roth basal metabolism appaia- 
tus was used While the latter was in pi ogress, the complete blood 
analyses weie made 

The determinations essential foi this particular study aie (a) oxygen 
content of aiteiial blood, (b) oxygen content of venous blood, 
(c) oxygen requirement (cubic centimeteis pei minute), and (d) 
pulse rate 

From these are calculated (a) the oxygen consumption (that I's the 
difieience between arterial and venous oxygen content) , (b) total output 
of blood per minute fiom the heait, and (c) the output per beat 

The formula for the relative output pei beat is 

100 X r 

T = 

p (a — v) 

in which 

T = the relative output per beat (cubic centimeters) 
r = oxygen requirement (cubic centimeters per minute) 
a=:the arterial oxygen content 
V — venous oxygen content 
p = pulse rate 

The combined data aie recorded in Tables 2 and 3 

The clinical featuies in the cases of heart failuie are, briefly, as 
follows 

Casp 1 —A man, aged 53 Diagnosis Chronic myocarditis , slight dyspnea 
at rest, no cyanosis Vital capacity, 1 220 liters 

Casf 2 —A man, aged 57 Diagnosis Chronic myocarditis , auricular fibril- 
lation, hydrothorax, chronic nephritis, semiorthopnea, general cyanosis Vital 
capacity, 0210 liters 
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C\SE 3— A man, aged 44 Diagnosis Malignant endocarditis, acute 
nephritis, marked, labored breathing m semiorthopneic position Vital capacity, 
0 860 liters 

Case 4 A woman, aged 29 Diagnosis Chronic endocarditis, mitral 

stenosis, chronic nephritis, general anasarca, semiorthopnea, general cyanosis 
Vital capacitj^ 0 800 liters 

Case S —A man, aged 62 Diagnosis Chronic myocarditis , chronic nephritis^ 
marked, labored breathing m orthopneic position , marked general cyanosis 
Vital capacity, 0 155 liters 

Case 6— A man, aged 48 Diagnosis Chronic myocarditis, djspnea at rest, 
no cyanosis Vital capacity, 0 510 liters 

Case 7— A man, aged 57 Diagnosis Chronic endocarditis, chronic myo- 
carditis, general anasarca, labored breathing in orthopneic position, cyanosis of 
lips and fingers Vital capacity, 0 360 liters 

Case 8 — A man, aged 61 Diagnosis Chronic endocarditis, mitral stenosis, 
right hydrothorax, labored breathing in orthopneic position, general cyanosis 
Vital capacity, 0 760 liters 

Cf^SE 9 — A girl, aged 16 Diagnosis Acute rheumatic fe\er, chronic 
endocarditis, slight dyspnea at rest, no cyanosis Vital capacity, 1 120 liters 

Case 10 — A man, aged 41 Diagnosis Malignant endocarditis, cardiac 
hyperthrophy and dilatation , general anasarca , orthopnea , general marked, 
cyanosis Vital capacity, 0 216 liters 

In Table 2 are recoided the results obtained fiom ten peisons 
regarded as normal so far as any evidence of heait disease was con- 
cerned These were, however, all hospital patients The significance of 
this fact is pointed out undei the discussion of the results 

In Table 3 are recorded the results obtained from ten patients with 
various heart lesions, all associated with heait failure 

COMMENT ON RESULTS 

The average relative ventricular output of blood per beat in ten 
normal persons at rest, and without any clinical signs of heart failuie, 
was found to be 85 3 c c The maximum and minimum values noted 
were respectively 99 5 and 70 1 c c This diftered stiikmgly from the 
results obtained from the cases of heart failure, m which the average 
output per beat was found to be 27 3 c c with a maximum of 46 2 and 
a minimum of 13 6 c c Thus the differences between the results 
obtained from normal persons and those suffering from heart failure 
are m themselves evidence of the significance of this data, in spite of the 
numerous disturbing factors to be considered in obtaining the blood for 
analysis from one particulai region That the differences must still be 
somewhat greater than obtained in these cases is obvious fiom the fact 
that the subjects, though accepted as normal so far as heart disease was 
concerned, were all hospital patients 

Because variations in the pulse rate may affect the ultimate result of 
such calculations, the data was recalculated on the assumption that in 
the normal persons the pulse rates were 10 points higher, and in the 
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patients with heait disease the pulse rates were 10 points lower than 
found This would obviously lesult in decreasing the volume of the 
output pel beat in the noimal and increasing it in the pathologic cases 
The data so obtained is also lecorded in the Tables 2 and 3, and 
maiked differences are still noted between the results of noimal and 
heait disease cases 


T iBLc 2 — Output of Heait m Ten Patients with Heait Lesions 
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Table, 3 — Output of Heait in Ten Patients With Heait Lesions 
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From this data it would be unwise to foimulate a definite i elation 
between the output pei beat and the clinical picture Some general 
agreement was noted in that in Cases 5 and 10, the two apparently 
moie ill patients, the lelative values of the output pei beat weie found to 
be the lowest, and m two of these cases, Cases 1 and 9, in which there 
was no appieciable cyanosis and only a very slight dyspnea, the lelative 
values of the output per beat weie found to be the highest Theie also 
appeared to be some general agieement in the values for the vital 
capacitv However this must be accepted with reserve The vital 
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capacity data is recorded in terms of absolute values, since, in the 
majority of instances, the patients were bedridden and it was not possible 
to record them in terms of liters per square meter of body suiface 

The relation found between the total vital capacity and relative 
cardiac output is graphically recorded in the accompanying chart The 
solid line represents the values for the cardiac output pei beat They 
are recorded from highest to lowest The corresponding vital capacity 
m each is recorded by the broken line 



Relation between total vital capacity and cardiac output 


In all cases of heart failure, with the exception of Cases 1, 6 and 9 
there was evidence of cyanosis An interesting feature is that m these 
three cases there was little or no evidence of impairment in the pul- 
monary exchange of gases In Case 1 there was some impairment in 
the percussion note at the bases, but the breath sounds were heard 
There were a few scattered moist rales This, however, as Lundsgaard 
pointed out, is suggestive evidence that the alveoli were patent to air In 
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Case 6, theie was little impairment in the percussion note at the bases, 
but the breath sounds weie heaid In Case 9, the lungs weie noimal 
thioughout When theie was no appieciable lung involvement and 
we weie able to exclude the possibility of the slowing of the cii dilation 
111 the capillaries, due to vasomotor disturbances, it appeared interesting 
to coil elate the degiee of arteiial oxygen saturation with heart function, 
1 e , output pel beat The ai terial oxygen saturation values m these 
till ee cases wei e, respectively, 87 5, 90 8 and 92 1 pei cent , all below 
the accepted average value for noimal subjects, 95 per cent There is 
thus suggestive evidence that slowing of the circulation alone may 
inciease the ai terial oxygen unsaturation This applies particularlv 
to Case 9, m which the lungs wei e found noi mal throughout 

SUMMARY 

1 The relative output of the heart per beat was calculated from the 
lesults obtained by the direct detei mmation of the oxygen content of 
arterial and venous blood in ten normal peisons and in ten patients 
suffering from vaiious heart lesions, associated with heait failuie 

2 Maiked and consistent diffeiences weie noted between the values 
in the normal and pathologic cases in all instances 

3 Theie appeared to be some geneial agreement between the clinical 
pictuie and the laboratory data 

4 The technical proceduie is practical for clinical purposes and 
the lesults are of sufficient interest to warrant further observations along 
the same lines, especially since at present theie is no quantitative method 
for the estimation of the efficiency of the heait 
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I A SURVEY or TESTS FOR HEPATIC FUNCTION 

CARL H GREENE, MD 
albert M SNELL, MD 

AND 

WALTMAN WALTERS, AID 

ROCHESTER, MINN 

Progiess in the science of medicine is dependent on the development 
of knowledge concerning anatomic and physiologic conditions m health 
and the disturbances in disease Each advance, whether in the field of 
pathologic anatomy or of pathologic physiology, has made possible a 
better understanding qualitatively and quantitatively of the abnormal 
process, thus permitting more accurate diagnosis, more exact prognosis, 
and more rational therapeusis 

As details of the mechanisms conti oiling normal physiologic activity 
ha-ve come to light, attention has been more diiectly focused on the 
changes produced in these mechanisms by disease, and m recent years 
functional changes have been sought with as great, if not greater, interest 
than anatomic changes Exact criteria regarding disturbances of func- 
tion are not readily delimited In too many conditions moibid anatomy, 
valuable as it unquestionably is, has been the only index available to 
physiologic changes 

Recent improvements m biochemical methods, and consequently in 
our knowledge of chemical physiology, have been of great piactical value, 
especially in the study of the parenchymatous organs which are the mam 
chemical laboratories of the body Particularly striking have been the 
advances in methods of determining changes in renal function Expe- 
rience in the comparative study of the different tests proposed has amply 
demonstrated the relative value of each Still other tests that wall give 
more accurate or convenient indexes to renal function may yet be devised, 
but at present many clinicians rely chiefly on the study of the phenol- 
sulphonephthalein excretion and the urea and creatinm content of the 
blood 

The kidney is preponderantly an excretory organ, and consequently 
peculiarly suitable for functional study Both the initial material, the 
blood and the excretory product, the urine, are readily available for 

Read before the Society of Clinical Surgery, Rochester, Minn , June 7, 1924 
‘'From the diMsion of medicine, Afayo Clinic and Alayo Foundation and the 
division of surgerv, Alavo Clinic 
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analysis Furtheimore, difterences in the behavior of the organ toward 
various mateiials undoubtedly do exist, but they are differences largely 
of degree rather than of kind The functional study of the liver, on the 
other hand, is much more difficult Normally, the liver is actively con- 
cerned in intermediary metabolism The formation and excretion of the 
hile may be, and piobably is, an entirely separate and distinct process, 
also a host of physiologic activities have been ascribed to the liver that 
may or may not be confined to that organ 

Undei such conditions, it is not surpiising that a large number of 
tests have been devised as clinical indexes to functional changes in the 
liver Rowntiee, Marshall and Chesney’^ in 1914 reviewed the tests in 
use at that time, and discaided many of them as of little or no clinical 
value We have attempted a combined expeiimental and clinical stud> 
of what appears to be the most piomising tests in use at the present time, 
in order to determine their relative clinical value Many of the pre- 
Mously descnbed tests have been purposely omitted from this discussion 
Particular attention has been paid to those furnishing quantitative 
data, in an effort to obtain evidence relating to the degree of hepatic 
•damage We shall summanze here the theoretical basis, technic and 
present status of the various tests employed in this work The results 
obtained m a series of control cases are shown in the accompanying table 
Detailed reports will later be made with legard to the changes observed 
in a series of 800 cases comprising various pathologic states 

CARBOHYDRATE METABOLISM 

The importance of the metabolic activity of the liver, especiall} 
in carbohydrate metabolism, was first recognized following the dis- 
cover}'' by Claude Beinard of the glycogenic function Evidences 
of disturbance m the glycogenic activity of the hvei have long been 
sought Particular attention has been paid to the study of changes in 
carbohydrate tolerance, and the earlier studies concerning the relation 
of the liver to glycosuria have been summarized by Rowntree, Hurwitz 
and Bloomfield - Of the various sugars, glucose and galactose have 
proved unsatisfactory m clinical use, fructose has been more satis- 
factory, but the clinical importance of the fructose tolerance test is still 
undecided 

1 Rowntree, L G , Marshall, E K, Jr, and Chesne>, A M Studies in 
Lner Function, J A M A 63 1533-1537 (Oct 31 ) 1914 , Studies in Liver 
Function, Tr A Am Phys 29 586 - 625 , 1914 

2 Rowntree, L G , Hurwitz, S H , and Bloomfield, A L An Experi- 
mental and Clinical Study of the Value of Phenoltetrachlorphthalein as a Test 
for Hepatic Function, Bull Johns Hopkins Hosp 24 327 - 342 , 1913 , Der Wert 
<les Phenoltetrachlorphthalein fur die Funktionsprufung der Leber, Arch f 
Verdauungskr 19 751 - 753 , 1913 
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Fi uctose Tolei ance — It is outside the scope of this paper to attempt 
to correlate all the facts regaiding the absorption, utilization and storage 
of fructose in the body The theory, correct or otherwise, on which 
most observers agree and on which the use of this sugar as a test for 
hepatic function is founded, is briefly as follows Fructose is rapidly 
absorbed from the digestive tract in the normal subject, and is very 
easily formed into glycogen by the liver During the whole process, no 
marked increase in the blood sugar occurs The rise of the respiratory 
quotient may be taken to indicate the combustion of a certain part of it 
In cases of disease of the liver, glycogen formation supposedly is 
diminished, and the subsequent rise of blood sugar is assumed to be due 
in part to fructose that has not been stored or utilized At least high 
blood sugar curves after fructose ingestion have been interpreted as due 
to failure of the glycogenic function of the liver 

Strauss ® in 1901 investigated hepatic function by an estimation of 
fructose tolerance This was suggested by the work of Sachs on 
hepatectomized frogs Strauss gave 100 gm of this sugar and examined 
the urine by the Sehwanoff reaction In 90 per cent of a series of cases 
of hepatic disease, he obtained fructosuna, which he considered indic- 
ative of the inability of the liver to form glycogen from this material, 
and therefore a measure of hepatic insufficiency In 10 per cent of his 
cases of disease of the liver, negative results were obtained, and in 
several normals, fructosuna occurred He explained the negative results 
by assuming a compensatory hypertrophy of undamaged liver cells, and 
considered the positive results in normal persons as due to potential 
or obscure hepatic disorders Chuichman ^ obtained about 24 per cent 
of positives in normal persons, and negative results in seveial patients 
with malignant disease of the liver Bloomfield and Hurwitz likewise 
failed to find the test of clinical value, they objected to it on theoretic 
grounds, asserting that hypophyseal, pancreatic and neurogenic disorders 
might alter carbohydrate tolerance , that other organs or even undamaged 
hepatic tissue might compensate in cases of disease of the liver to give 
a normal test, and that variations in the renal threshold for fructose must 
be considered if renal disease was present Practically, they found that 
such large doses of sugar caused nausea and vomiting, besides giving 

3 ^Strauss, H Zur Funktionsprufung der Leber, Deutsch med Wchnschr 
27 757-759, 1901 Sachs, Hans Ueber Bedeutung der Leber fur die Ver- 
werthung der verschiedenen Zukerarten im Organismus, Ztschr f klin Med 
38 87-126, 1899 

4 Churchman, J W The Strauss Test for Hepatic Insufhciency, Bull 
Johns Hopkins Hosp 23 10-15, 1912 

5 Bloomfield, A L, and Hurwitz, S H Tests for Hepatic Function, 
Clinical Use of the Carbohydrates, Bull Johns Hopkins Hosp 24 375-379, 1913. 
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inconstant clinical results Folin and Berglund have recently 
emphasized the importance of impurities in the fructose m producing 
gasti o-mtestmal irritation and glycosuria Friedman" concluded that, 
while fructose tolerance tests might give some information, they could 
not be interpieted in an absolutely specific manner Rowntree, Flurwitz 
and Bloomfield,- and Rowntree, Marshall and Chesney ^ in their studies 
on hepatic function finally discarded the Strauss test as of no clinical 
^alue 

With the advent of satisfactory methods for the chemical analysis 
of the blood, the blood sugar curve, after the administration of carbo- 
hydrates, was studied as an index to the carbohydrate tolerance In 
1913, Schirokauer ® reported blood sugar values one houi after the 
ingestion of fructose He found that in the noimal subjects only the 
slightest rise was obtained, in distinction to tbe sharp increase noted 
after the taking of a large amount of glucose In hepatic disease, how- 
ever, the increase in blood sugar was marked Bergmark ° later con- 
firmed this work, and found that fructose caused only the slightest rise 
m the blood sugar of normal subjects Isaac asserted that fructose 
caused no appreciable rise in the blood sugar of normal subjects, although 
Its presence could be demonstrated m the blood, and that m hepatic dis- 
ease it formed a considerably larger fraction of the total blood sugar 

The present interest m fructose tolerance is largely due to the work 
of MacLean and de Wesselow^^ They noted that fructose caused only 
a slight rise (less than 20 mg ) in the blood sugar of normal subjects, 
and in 1920 began its use as a test for hepatic function Using MacLean 
and de Wesselow’s methods, Spence and Brett reported positive 
results in a variety of hepatic disorders They gave from 30 to 50 gm 
of sugar, and estimated the blood sugar every thirty minutes for two 
hours, a rise of 20 mg or more was considered positive They dis- 
carded fructosuna as a criterion of hepatic function, considering that 

6 Folin, O , and Berglund, H Some New Observations and Interpreta- 
tions with Reference to Transportation, Retention and Excretion of Carbo- 
hydrates, J Biol Chem 51 213-273 (March) 1922 

7 Friedman, J C , and Strouse, Solomon The Nonspecificity of Carbo- 
hydrate Tolerance Tests, Arch Int Med 14 531-53S (Oct) 1914 

8 Schirokauer, Hans Zur Funktionsprufung der Leber, Die alimentane 
Lavulose-Hyperglykamie, Ztschr f khn Med 78 462-475, 1913 

9 Bergmark, G Zuckerresorption und Blutzuckerspiegel, Jahrb f Kinderh 
80 373-385, 1914 

10 Isaac, S Theoretisches und Khmsches zur Stellung der Lavulose im 
Stoffwechsel, Med Khn 2 1207-1210, 1920 

11 MacLean, H, and de Wesselow, O L V The Estimation of Sugar 
Tolerance, Quart J Med 14 103-119 (Jan ) 1921 

12 Spence, J C, and Brett, P C The Use of Levulose as a Test for 
Hepatic Inefficiency, Lancet 2 1362-1366 (Dec 31) 1921 
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the renal threshold for this sugar might show wide \ariations Covell 
in 1923, using the same dosage of fructose and the Fohn-Wu technic for 
estimating blood sugar, obtained positive results m a variety of hepatic 
disorders, including such tropical diseases as sprue and amebic dys- 
entery Using the same criterion, he obtained positive results in 
several cases of amebiasis and assumed that hepatic insufficienc} was a 
common finding Talleiman,^^ using a dose of fiom 30 to 50 gm of 
fructose in proportion to body weight and MacLean’s method of esti- 
mating blood sugar, made a careful study of the test , he concluded that 
variations m normal subjects were greater than generally appreciated, 
and that unless the height of the curve was 135 mg per cent or more, 
with a maximal rise of at least 30 mg , the finding should be considered 
negative 

Modern experimental work on animals with these recent modifications 
of the fructose test has been done by Bodansky Using 3 gm of 
sugar for each kilogram of body weight as a standard dose, he estimated 
the normal tolerance of dogs for glucose, fructose and galactose The 
animals were given the sugar dissolved m 200 c c of water by stomach 
tube, after an initial estimation of their blood sugar when fasting Blood 
specimens were then taken after fifteen, fort} -five, sevent}-five and one 
hundred thiity-five minutes Fructose produced the least use in the 
curve, galactose the most, glucose occupying an intermediary position 
There was no rise greater than 35 mg m normal animals after the admin- 
istration of fructose In dogs who had been under prolonged chloro- 
form anesthesia, a sharp drop in fructose toleiance was found, due pre- 
sumably to injury of the liver In other animals, similar changes 
occurred after intramuscular injections of chloroform in oil Actual 
hepatic damage was proved by necropsy In animals that i eco\ ered, the 
fructose tolerance improved on regeneration of the liver Similar results 
uere obtained with other hepatic poisons, such as phosphoius and 
hydrazin and its derivatives 

MetJiod of Detei mining the Fructose Toleiance — Patients weiegnen 
a constant dose of 40 gm of fructose dissolved in 200 c c of lemonade 
after an initial blood sugar estimation All patients had fasted foi 
fourteen hours before the test and took no food until it was completed 

13 Covell, G The Levulose Tolerance Test for Hepatic Efficiency, and Its 
Application in Certain Tropical Diseases, Guy’s Hosp Rep 73 354-367, 1923 

14 Tallerman, K H The Levulose Test for Liver Efficiency, and an 
Investigation of the Hepatic Condition in Pregnancy, Quart T Med 17 37-52 
(Oct) 1923 

15 Bodanskv, M Fructose, Glucose, Galactose Tolerance in Dogs, J Biol 
Chem 56 387-393 (June) 1923, The Effect of Chloroform and Phosphorus 
Poisoning on Carbohydrate Tolerance, ibid 58 515-522 (Dec) 1923, The Action 
of H3'dra7in and Some of Its Denv^atives in Producing Liv'er Injurv as 
Pleasured by the Effect on Levulose Tolerance, ibid 58 799-811 (Jan ) 192*4 
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Blood samples were taken after one and two hours and the blood sugar 
estimated according to the method of Fohn and Wu The changes m 
blood sugai m noimal persons have been variable, although no greatei 
use than 30 mg was noted We have theiefore followed Taller- 
man,^'‘ whose criterion for a positive test is a maximal rise of 30 
mg 01 more, with a one or two houi blood sugar percentage of 135 
mg or moie Detailed repoits of our studies in various pathologic con- 
ditions will be lepoited later, but in general we find that the difficulty 
ot excluding extiahepatic influences, especially pancreatic disease, 
militates against the clinical usefulness of the test as a specific index to 
changes in the functional activit}'- of the liver 

The Bodansky technic was used for dogs, the animals being given 
3 gm of fiuctose foi each kilogram of body weight, dissolved m from 
200 to 300 c c of water, by stomach tube All animals fasted fourteen 
houis or more Blood specimens were taken before the sugai was 
administered and fifteen minutes, one hour and two hours afterward 
Accepting Bodansky’s criterion, we consideied a test positive which 
showed a rise of 35 mg oi more above the level in the initial specimen 
In neither human beings nor dogs was the finding of glycosuria con- 
sidered significant, in view of the known unreliability of this factor 
Because the lesion produced experimentally is much more specific than 
that observed chmcall}, a coi respondingly greater degree of lehance 
ma) be placed on changes m the fructose tolerance 

Blood Sugai Level — Mann and his associates, m consequence of 
their expel iments on hepatectomized dogs, have further emphasized the 
role of the liver in maintaining the normal blood sugar level Following 
operation there is a gradual and progiessive fall m the blood sugar , when 
it decreases below a certain ciitical level, the body cannot function nor- 
mally and death occurs As this critical level is appi cached a charac- 
teiistic group of symptoms develop which culminate in the so-called 
hypoglycemic reaction, first described by Mann and obseived chmcall}' 
in connection with insulin treatment Hypoglycemia alone can be readily 
and successfully combated by the administration of glucose, but while 
this measuie will prolong the life of the hepatectomized animal, it must 
be remembered that total abolition of the normal functional activity of 
the livei IS incompatible with life Fian and Isaac and, later 
Williamson and Mann have shown that hypoglycemia may occui as 

16 Mann, F C , and Magath, T B Studies on the Physiology of the Liver, 
II, The Effect of the Removal of the Liver on the Blood Sugar Level, Arch Int 
Med 30 73-84 (July) 1922 

17 Frank, E, and Isaac, S Ueber des Wesen des gestorten Stoffwechsels 
bei der Phosphorvergiftung, Arch f exper Path u Pharmakol 64 274-292, 1911 

18 Williamson, C S , and Mann, F C Studies on the Physiology of the 
Liver, V, The Hepatic Factor in Chloroform and Phosphorus Poisoning, Am J 
Physiol 65 267-276 (July) 1923 
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a terminal event in phosphoius or chloroform poisoning Opie and 
Alford shoived the effect of a diet rich m carbohydrates in reducing 
the toxic action of these poisons Previous experimental work has 
indicated that hypoglycemia develops only with practically complete 
abolition of the glycogenic activity of the liver Consequently, this con- 
dition IS not to be expected m the usual types of hepatic disease 

PROTEIN METABOLISM 

The importance of the liver in protein metaDolism is also recog- 
nized, but its exact role is not so well understood as it is m carbo- 
hydrate metabolism The topic has been discussed in detail by Van 
Slyke and Folm and Berglund,-’^ and will not be repeated here 
Mann has carefulty studied changes aftei ablation of the liver He 
finds, as m the earlier studies on animals with Eck fistulas, that there is 
an inciease in the excretion of ammonia and m the proportion of unde- 
termined nitrogen in the unne In the blood he finds a gradual decrease 
in the urea, and the rapid appearance of a substance giving the colori- 
metric reactions of uric acid, of which only traces normally occur in 
dog’s blood The creatm-creatinin metabolism is not affected The 
amino-acids and the nonprotein nitrogen m the blood may be increased 
slightly, but the changes are much less striking than those in the urea or 
the uric acid fraction There have been numerous clinical studies dealing 
with the nitrogen partition of the urine m patients with hepatic disease, 
which have arisen fiom the earliei mdentification of leucm and tyrosin 
crystals m the urine of patients with acute yellow atiophy of the liver 
The previous work has been summarized by Rowntree, Marshall and 
Chesney,^ and the study of experimental phosphorus and chloroform 
poisoning by Marshall and Rowntree These authors report the occur- 
rence of increased ammonia and amino-acids and a decreased urea per- 
centage in the urine While definite changes were found and are 
undoubtedly of great significance from the physiologic point of view, the 
low level of protein metabolism so often present, together with the non- 

19 Opie, E L , and Alford, L B The Influence of Diet upon Necrosis 
Caused by Hepatic and Renal Poisons, I, Diet and the Hepatic Lesions of 
Chloroform, Phosphorus or Alcohol, J Exper Med 21 1-20, 1915 

20 Van Slyke, D D The Present Significance of the Amino-Acids m 
Physiology and Pathology, Arch Int Med 19 56-78 (Jan ) 1917 

21 Folin, O , and Berglund, H The Retention and Distribution of Ammo- 
Acids with Especial Reference to the Urea Formation, J Biol Chem 51 395 
(April) 1922 

22 Bollman, J L , Mann, F C , and Magath, T B Studies on the Physi- 
ology of the Liver, VIH, Effect of Total Removal of the Liver on the Forma- 
tion of Urea, Am J Physiol 69 371-392 (July) 1924 

23 Marshall, E K , Jr , and Rowntree, L G Studies in Liver and Kidney 
Function in Experimental Phosphorus and Chloroform Poisoning, J Exper Med 
22 333-346, 1915 
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■exclusion of acidosis, led them to the conclusion that the interpi etation 
of the nitiogen distribution in the urine is somewhat difficult The 
inconsistency of results and the further uncertainty regarding renal 
factors has led us also to question the clinical importance of a study of 
the nitrogen distribution in the urine as an index to changes in the 
physiologic activity of the liver 

Attention was later focused entirely on the changes in the blood 
Rowntree, Marshall and Chesney ^ apparently were the first to make an 
extensive study of the nitrogen partition in the blood in its relation to 
hepatic disturbances They found no evidence of nitrogen retention 
except in patients with renal insufficiency While the changes were not 
constant, a moderate proportion of their cases showed a lowering in the 
percentage of the urea They regaided a low percentage of urea nitrogen 
as compared to the total nonprotem nitrogen as suggestive of hepatic 
insufficiency Our findings have been similar in charactei, although the 
changes noted have not been sufficiently well marked to have great diag- 
nostic significance in individual cases 

In contrast to these observations are the experiments of Marshall 
and Rowntree on the effects of phosphorus and chloroform poisoning 
They found an increase in the nitrogenous products of the blood which 
they interpreted as evidence of an increased protein catabolism They 
pointed out that the interpretation of their results was complicated by 
renal insufficiency which frequently appeared as a terminal phenomenon 
Feigl and Luce and Stadie and Van Slyke have reported increases 
in the nonprotem nitrogen, blood urea, and amino-mtrogen of the blood 
in patients with acute yellow atrophy of the liver, while Stander has 
observed similar changes in a fatal case of chloroform poisoning As 
pointed out by Greene, Sandiford and Ross,"'^ autolytic decomposition of 
the liver in the latter condition may be largely responsible for the 
increases noted Other observers, such as Yaiiagi,-® have suggested that 
the blood urea is decreased m patients with jaundice, while Gilbert, 

24 Feigl, J , and Luce, H Neue Untersuchungen uber akute gelber Leber- 
atrophie, I, Ueber den Restickstoff des Blutes und seme Komponenten, Weitere 
Beitrage zur vergleichenden Pathologic des Ammo-sauresspiegels im Blute, 
Biochem Ztschr 79 162-201, 1917 

25 Stadie, W C, and Van Slyke, D D The Effect of Acute Yellow 
Atrophy on Metabolism and on the Composition of the Liver, Arch Int Med 
25 693-704 (June) 1920 

26 Stander, H J A Chemical Study of a Case of Chloroform Poisoning, 
Bull Johns Hopkins Hosp 35 46-49 (Feb ) 1924 

27 Greene, C H , Sandiford, Kathleen, and Ross, Helen The Ammo-Acid 
Content of the Blood in Normal and Pathologic Conditions, J Biol Chem 
58 845-857 (Jan ) 1924 

28 Yanagi, K A New Colorimetric Method for the Determination of Urea 
with Urease, J A M A 82 1169-1171 (April 12) 1924 
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Chabrol and Benard have reported an increase in the blood urea in 
patients with hemolytic jaundice 

Mann®° also has stiessed the appearance in the blood of hepatecto- 
mized dogs of a substance giving the color leactions of uric acid This 
substance appears regularly following removal of the liver, and he con- 
siders that in dogs the appeal ance of uric acid in the blood is very sug- 
gestive of decreased activity of the liver This phenomenon has not been 
observed in man The course of puiin metabolism differs in man and 
dog, and it is quite possible that in this field of metabolism especially 
a diiect transference of results from one species to the other should be 
made with reserve 

BILE PIGMENTS 

Since the most striking hepatic disorders are those associated with 
icterus, It IS natural that much attention should have been paid to the 
presence of bile pigments m the blood, urine and feces Nature has 
fortunately provided an excellent index of disturbed pigment metabo- 
lism in the color changes in the skin and sclerae, and in the excretion ot 
pigments in the urine and stools The formation and excietion of bile 
are charactei istic activities of the liver It is generally accepted that the 
bile salts ai e formed by the hepatic epithelium, but it is becoming increas- 
ingly apparent that bile pigments may be formed largely outside the liver, 
although excreted by that organ Fuithermore, as has been repeatedly 
demonstrated, bile retention rapidly damages the parenchyma of the liver 

A century ago, Tiedemann and Gmelin,®^ in an historically note- 
worthy book, reported their studies on the physiology of digestion They 
described the color changes produced by the oxidation of the bile pig- 
ments in acid solution, the series of colors produced by nitric acid still 
being known as Gmelm’s test By means of this test they demonstrated 
the presence of bile pigment m the blood of a dog following experimental 
ligation of the common bile duct, and shortly afterward they successfully 
applied this test to the serum from a patient with jaundice It is lecog- 
nized that, while other allied pigments may occasionally be found in the 
blood, bilirubin is the onlj bile pigment present m the serum m 
appreciable amounts 

IcteJus Indev — Various attempts have been made to estimate the 
bilirubin content of the serum The simplest methods are based on the 
assumption that bilirubin is the chief pigment of the serum and, accord- 

29 Gilbert, A , Chabrol, E , and Benard, H L’azotemie dans les icteres par 
hyperhemolyse. Pans med 35 385-391 (May 8) 1920 

30 Bollman, J L , Mann, F C , and Magath, T B Studies on the Physi- 
ology of the Liver, X, Uric Acid Following Total Removal of the Liver, Am J 
Phj'Siol 72 629-646 (May) 1925 

31 Tiedemann, F , and Gmelin, L Dje Verdauung nach Versuchen, Heidel- 
berg and Leipzig, K Groos, pp 1826-1827 
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that the intensity of the serum color is an accurate index to the 
quantity of bilirubin The serum color has been determined by measur- 
ing the number of dilutions necessary to lender it just perceptible when 
viewed in a unit layer of serum, 1 cm thick A colorimetric com- 
parison, using a 1 10,000 solution of potassium bichromate as a stand- 
aid, has also been used The icteius index, based on the latter standard, 
has been tested clinically by Blankenhoin,®- Meulengracht,**^ Stetten,^'* 
Bernheim®= and otheis In general, they found that the values foi 
normal seium aie below 5 The threshold for clinical icterus lies 
between 8 and 15, while marked icterus is present m all cases with 
values above 30 

The icterus index may be used satisfactorily in following changes in 
the degree of jaundice in patients with frank icterus In such patients 
hihrubin is the preponderate coloiing matter, and changes m the 
serum color may leasonahly he assumed to indicate variations m the 
amount of bile pigment Conditions aie diffeient in specimens of 
serum in which the bilirubin content is little, if any, increased ovei the 
noimal Any cloudiness of the serum or the slightest trace of hemolysis 
interferes by changing both the quality and intensity of the color of the 
seium Van den Bergh and Snapper^® and Palmer®^ have studied 
the composition of the serum pigments, and find that serum from human 
beings contains xanthophyll and carotmoid pigments, which, although 
vaiying widely m amount, may be responsible for an appreciable poi- 
tion of the serum color of the normal We have obseiwed two patients 
with pionounced discoloiation of the skin and carotinemia after the 
prolonged use of carrots m their diet The icterus index in one of 
the cases was 18, but by chemical methods the seium bilirubin measured 
only 0 5 mg per cent , an entiiely normal amount In the second case 
the icteius index was 26, but the seium bilirubin was only 1 1 mg 
per cent 

32 Blankenhorn, M A Acholuric Jaundice, Arch Int Med 27 131-134 
(Jan) 1921 

33 Meulengracht, E Em bihrubmkolorimeter behufs klinischer Bestim- 
mung der Bilirubinmenge im Blute, Deutsch Arch f klin Med 137 38 (Aug ) 
1921 , abstr J A M A 77 1141 (Oct 1) 1921 

34 Stetlen, D The Surgical Value of the Estimation of the Bile Pig- 
mentation (Icterus Index) of the Blood Serum, Ann Surg 76 191-200 
(Aug) 1922 

35 Bernheim, Alice R The Icterus Index (a Quantitative Estimation of 
Bilirubmemia) , An Aid m Diagnosis and Prognosis, J A M A 82 291-295 
(Jan 26) 1924 

36 Van den Bergh, A A H, and Snapper, J Die Farbstoffe des Blutse- 
rums, Deutsch Arch f kliii Med 110 540-561, 1913 

37 Palmer, L S Carotinoids and Related Pigments , the Chromohpoids 
New York, Chemical Catalogue Company, 1922 
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The determination with certainty of changes in the amount of serum 
bilirubin necessitates the use of a method that will permit of the chem- 
ical separation or identification of the pigment Many methods for 
the colorimetric determination of bilirubin have been suggested By 
modifications in the principle of the original Gmelin test, the attempt has 
been made to secure gieen or blue oxidation products of bilirubin 
under conditions permitting quantitative estimation of the amount of 
color developed The details of these various methods have been dis- 
cussed by Gilbert, Posselt,^® van den Bergh,^° Fouchet,^^ and others 
None of these methods has been wholly satis factor)’-, however The 
rose colored azobihrubin has been a more satisfactoiy pigment deriva- 
tive The chemistry of the coupling of bihiubin with diazonium salts 
was investigated b) Ehrlich,^- Proscher and Orndorfif and Teeple 
It remained for van den Bergh to apply this reaction to the examina- 
tion of blood serum, and to develop the test that bears his name 

Van den Beigh Test — Ehrlich found that when sulphanilic acid 
and sodium nitrite were added to solutions of bilirubin, a colored 
addition product, azobihrubin, was formed This reaction is specific 
and will detect bilirubin in a dilution of 1 1,500,000 Van den Bergh 
precipitated the serum proteins with alcohol, which also serves as a 
solvent for biliaibin, and demonstrated that Ehrlich’s reaction could 
be applied to this alcoholic extract By comparison with solutions of 
pure bilirubin, a quantitative colorimetric estimation could be made 

Using this method, van den Bergh showed that bilirubin was a con- 
stant constituent of normal blood serum, and that the amount was 
much increased m cases of obstructive jaundice and other hepatic dis- 
orders Later, on investigating the difiference m reaction between bili- 
rubin and solutions of human bile, he discovered that the latter gave 

38 Gilbert, A , Herscher, M , and Posternak, S Presentation d’un appareil 
pour doser la bihrubine dans le serum sanguin (cholemimetre), Compt rend 
Soc de biol 51 700, 1904 

39 Posselt, A Zur Alethodik der klinischen Serumuntersuchungen Ueber 
den nachw eiskleinster Gallenfarbstoffmengen im Blutserum (Fruhdiagnose des 
Ikterus), Zentralbl f inn Med 28 489-509, 1907 

40 Van den Bergh, A A H (with Snapper, J, and Aluller, J ) Der Gallen- 
farbstoff im Blute, Leiden, S C Van Doesburgh, 8 111, 1918 

41 Fouchet, A Methode nouvellc de recherche et de dosage des pigments 
bihaires dans le serum sanguin, Compt rend Soc de biol 80 826-828, 1917 

42 Ehrlich, Paul Sulfodiazobenzol, ein Reagens auf Bilirubin, Centralbl f 
khn Med 4 721-723, 1883 

43 Proscher, F Ueber Acetophenonazobihrubm, Ztschr f physiol Chem 
29 411-415, 1900 

44 Orndorff, W R, and Teeple, J E On Bilirubin, the Red Coloring 
Matter of the Bile, Am Chem J 33-215-250, 1905 

45 Van den Bergh, A A H La recherche de la bihrubine dans le 
plasma sanguin par la methode de la reaction diazoique, Presse med 29 441-443 
(June 4) 1921 , abstr J A M A 77 235 (July 16) 1921 
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positive diazo leactions without the addition of alcohol From this 
finding he concluded that there were two types of reaction, one obtained 
immediately after the addition of the diazo reagent, a “direct reaction,” 
and the other aftei the addition of the diazo reagent and alcohol, an 
indirect leaction ” This was explained by the theoiy that the bilirubin 
111 the bile was somewhat different in composition from the chemically 
puie substance 

Clinical observations with the van den Bergh reaction have been 
made by numeious observeis (van den Bergh, Lepehne,^® Rosenthal 
and Holzer,-*" McNee,^® Andrewes and others It is now fully estab- 
lished that normal blood serum may contain fiom 0 5 to 2 mg per cent 
of bilirubin Van den Beigh noted that certain apparently healthy per- 
sons have somewhat greater amounts of serum bilirubin than others, 
the foimer are said to have a physiologic hyperbilirubinemia Gilbeit 
desciibed the condition, in 1905, as “simple familial cholemia ” 

In cases of obstructive jaundice, the direct reaction is always present 
The amount of serum bilirubin may rise to as much as from 40 to 
50 mg for each bundled cubic centimeters, but the amount of serum 
bihiubin does not necessarily paiallel the discoloiation of the skin or the 
amount of bile pigments m the urine Mann and Bollman have 
shown that the van den Bergh reaction becomes indirect, biphasic and 
then direct in experimental animals following ligation of the common 
duct Removal of the gallbladder at the time of ligation of the common 
duct hastens the onset of the direct reaction A lenal threshold for 
serum bilirubin m obstructive jaundice has been shown by van den 
Bergh, Lepehne and McNee 

46 Lepehne, G Weitere Untersuchungen uber Gallenfarbstoff im Blutserum 
des Menschen, Deutsch Arch f khn Med 135 79-107 (Jan ) 1921 , abstr 
J A M A 76 1051-1052 (Aprd 9) 1921, Pathogenese des Ikterus, Ergebn d 
inn Med u Kinderh 20 221-280, 1921 

47 Rosenthal, F , and Holzer, P Beitrage zur Lehre von den mechanischen 
und dynamischen Ikterusformen Ueber die quantitativen Beziehungen von 
Biliruben und Cholestenn im Blut bei den verschiedenen Ikterusformen, Deutsch 
Arch f khn Med 135 257-280 (March) 1921 

48 McNee, J W Jaundice A Review of Recent Work, Quart J Med 
16 390-420 (July) 1923 

49 Andrewes, C H The Nature of the Difference Between the Bilirubins 
of Obstructive and Haemolytic Jaundice, Brit J Exper Path 5 213-219 (Aug ) 
1924 

50 Feigl, J, and Querner, E Bihrubinamie in ihren physiologisch-chem- 
ischen Beziehungen mit besonderer Berucksichtigung der diagnostischen Bedeu- 
tung, Ztschr f d ges exper Med 9 153, 1919 Andrewes (Footnote 49) 

51 Van den Bergh (Footnotes 40 and 45) 

52 Mann, F C , and Bollman, J L The Relation of the Gallbladder to the 
Development of Jaundice Following Obstruction of the Common Bile Duct, J 
Lab & Clin Med 10 540-543, 1925 
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Although faiily large amounts of serum bilirubin may be piesent, 
in cases of hemolytic jaundice it is so masked that the diiect reaction 
IS not usually obtained, it is also believed that in this condition seium 
bihiubin does not pass the lenal filter, even when the amount present 
is consideiable The mdiiect reaction has aided in the identification of 
latent jaundice m pernicious anemia, dibothnocephahc anemias and 
toxic icterus resulting from the administi ation of arsphenamm The 
blood of new-boin infants shows an increased seium bilirubin, and in 
certain instances high figuies aie said to piesage the onset of icteius 
neonatoi um 

In the toxic, catairhal and infectious types of jaundice, the direct 
van den Beigh leaction almost invariably occurs, although it may lie 
delayed The figures for serum bilirubin obtained by the indiiect reac- 
tion aie usually high 

Van den Bergh cites a good deal of evidence deiived fiom experi- 
mental and clinical mateiial m suppoit of his view that the direct reac- 
tion IS a differential point between obstructive and nonobsti uctive 
jaundice, and this point has been particularly stressed by his followers, 
McNee and others The experiments of Mann, Bollmann and Magath 
showing the development of icterus in dogs following removal of the 
Iner cast doubt on this view In such dogs the serum gives first the 
indirect, then the diphasic, and finally a delayed leaction, which theo- 
retically should not occur in a purely hematogenous icteius such as this 
While the exact significance of the diiect and indirect reactions is not yet 
entiiel;^ clear and the value of the diiect reaction in differential diagnosis 
IS doubtful, enough is known of the indirect reaction as a quantitative 
measure of the seium biliinbm to assuie its accuracy and reliability for 
clinical purposes Oui study was confined to the amount of bilirubin 
in the serum indicated by the quantitative indirect reaction In experi- 
mentally produced obsti uctive jaundice, a very close parallelism exists 
between the seium bilirubin and phenol tetiachlorphthalem retention, 
a fact that indicates the close lelationship between the degree of icterus 
and hepatic efficiency 

Method of Defeimtnafton of Bihrubin — The quantitative determi- 
nation of the amount of bilirubin in the blood seium has been made 
by a modification of the indirect van den Bergh reaction, accoiding to 
the method of Thaiinhauser and Anderson,^^ as follows To 2 cc of 

53 Bollman, J L , Mann, F C , and Magath, T B Studies on the Physi- 
ology of the Liver, IX, The Formation of Bile Pigment After Total Removal 
of the Liver, Am J Physiol 69 393-409 (Jul> ) 1924 

54 Thannhauser, J S, and Anderson, E INIethodik der quantitativen 
Bilirubinbestimmung im menschlichen Serum, Deutsch Arch f khn Med 137 
179-186 (Aug) 1921, abstr, J A M A 77 1292 (Oct 15) 1921 
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serum is added 1 c c of the freshly prepared sulphanihc reagent The 
resulting color change permits the reading of the test m terms of the 
direct or indirect reaction Then 2 cc of a satuiated solution of 
ammonium sulphate is added to help precipitate the serum pioteins, 
followed by 10 c c of 96 pei cent ethyl alcohol This produces a 
piompt intensification of the coloi corresponding to the indirect reaction 
of van den Bergh The contents of the tube are then centiifugalized 
and the clear supernatant fluid compared colonmetncally with an 
ethereal solution of feme sulphocyanid, prepared according to the 
directions of van den Beigh®“ The color quality of the two solu- 
tions IS not always identical, and othei aitificial color standards have 
been advised In geneial, however, the foregoing technic has been quite 
satisfactory 

In their original paper, van den Bergh and Snapper reported then 
analyses in terms of the dilution of pine bilirubin required to give a 
solution of the same color concentration as the blood specimen Later, 
they reported their results in teims of units, a 1 200,000 solution of 
bilirubin seiving as a standard We have pi ef erred to calculate the 
results in terms of the number of milligrams of bilirubin for each 
hundred cubic centimeters of solution, 1 mg per cent being equivalent 
to 2 units Because of the difficulty of seeming pure bilirubin we have 
accepted van den Bergh’s statement that the color of the ferric 
sulphocyanid standard is equivalent to a 1 200,000 solution of bilirubin, 
or 0 5 mg per cent All results obtained by the use of this standard 
are comparable, and the changes obser\ed are so great that any minor 
error m the standai dization of this solution may be ignored 

55 This consists of two solutions, each of which keeps indefinitely, but the 
mixture must be made immediately prior to the test The two solutions are 
made up as follows 

Solution A Solution B 

Sulphanihc acid 5 gm Sodium nitrite 0 5 gm 

Concentrated hjdrochlonc acid SO c c Distilled water 100 cc 

Distilled water 1,000 cc 

The diazo reagent consists of a mixture of these two solutions in the propor- 
tion of 25 c c of Solution A to 0 75 c c of Solution B 

56 The artificial standard solution (van den Bergh) consists of iron sulpho- 
cyanid dissolved in ether The solution is made up of a color corresponding 
with a solution of azobilirubin of 1 200,000 The standard solution is made up 
as follows 0 1508 gm of ammonium iron-alum is dissolved in 50 c c of 
concentrated hydrochloric acid, and enough water added to make 100 c c This 
gives a solution of 1 320 normal, which keeps indefinitely To 10 cc of this 
solution IS added 25 c c of concentrated hydrochloric acid and sufficient water 
to make 250 c c This gives a dilution of 1 8,000 normal, which keeps for about 
SIX months To 3 c c of this solution is added an equal volume of 20 per cent 
potassium sulphocyanid solution and 12 c c of ether After being well shaken 
and after all the reddish color has passed into the ether, the latter is carefully 
transferred into the colorimeter or other comparative tube This solution is in 
a concentration of 1 32,000 normal and must be prepared freshl}’ each day that 
a test IS made It corresponds in color, as has been indicated, to a 1 200,000 
solution of azobilirubin, or 0 5 mg for each 100 c c 
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BILE SALTS 

The present day evidence, although incomplete, is all in favoi of the 
view that the bile salts are foimed iii the hepatic parenchyma This 
conclusion is laigely the result of studies of the biliary output of these 
substances, a field lecently reviewed and extended in the publications 
of Whipple and his collaborators 

In the clinical study of hepatic disease, much inteiest has centered 
aiound the possibilities of dissociated jaundice and variations in bile 
salt metabolism independent of changes in the bile pigments Much 
of this woik has been based on variations in the surface tension of the 
urine as shown by Hay’s test, which is not specific in natuie and does 
not permit of quantitative study Foster and Hoopei devised an 
accuiate method for the quantitative determination of bile acid excreted 
in the bile, but this method is not applicable to the smallei amount of 
bile acids in the umie and blood Many investigators, among the moie 
1 ecent, Tashiro,®® have attempted to devise quantitative methods applica- 
ble to clinical use, but as no thoioughly satisfactory test has yet been 
developed, we have not attempted to follow the bile acid metabolism 
in the piesent study Miss Aldrich has recently developed in this 
laboratoiy a quantitative method that promises to be applicable to the 
study of the bile salts in the blood This will be reported later 

The role of bile in the emulsification of ingested fat and the 
steatoi rhea following biliary obstruction are well Known Bi ule 

and others have suggested that bile salts aie essential for the absorption 
of fats from the intestine, and it was on this basis that his hemoconia 
test was devised Normally there is an increase in ultramicroscopic 
blood fat (hemoconia) after a fat meal , this increase does not occui 
unless bile salts aie piesent in the duodenum Since steicobilin may 
appear in the stools when there is complete biliary obstruction, it would 
seem that this test might be of value in determining the presence or 
absence of bile salts in the duodenum In our experience it has given 

57 Smyth, F S , and Whipple, G H Bile Salt Metabolism, I, Influence 
of Chloroform and Phosphorus on Bile Fistula Dogs, J Biol Chem 59 623-659 
(April) 1924 Whipple, G PI Origin and Significance of Constituents of Bile, 
Physiological Rev 2 440-457 (July) 1922 

58 I'oster, M G, and Plooper, C W The Metabolism of Bile Acids, I, A 
Quantitative Method for Analysis of Bile Acid m Dog’s Bile, J Biol Chem 
38 355-366 (June) 1919 

59 Tashiro, S Determination of Bile Salts in the Blood (Preliminary 
Report) , Cincinnati J Med 4 197-201, 1923 

60 Brule, M Recherches sur les icteres les retentions biliaires par insuf- 
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results comparable with the usual test for hile in the stool, although 
theoretically it should be somewhat more accurate 

CHANGES IN THE BLOOD ACCOMPANYING DISEASE OF THE LIVER 

The frequent occurrence of hemorrhages during the course of 
hepatic disturbances has long been known Lee and Vincent®^ more 
recently have emphasized the close relationship between the tendency 
toward postoperative hemorrhage in patients with obstructive jaundice 
and the delay in the coagulation time of the blood They pointed out that 
the coagulation of “v enous blood was greatly retarded, but that the addi- 
tion in vitro of a calcium chlorid solution gieatly accelerated it Walters ®" 
has developed the clinical impoitance of this olisen^ation by showing 
that in such cases the intravenous administration of calcium chlorid 
will reduce the coagulation time of the blood to within the normal limits 
of from SIX to eight minutes He has shown also that the routine 
preoperative preparation of jaundiced jiatients in this \vay greatly 
reduces the frequency of postoperative hemorrhages The beneficial 
effect of calcium therapy has led to the suggestion that the delayed 
coagulation in jaundice is due to the absence of available calcium, 
although It is known that the total calcium content of the serum departs 
but little, if any, from the normal 

A decrease in fibrinogen w^as formerly considered a significant find- 
ing in suspected hepatic disease, but more recent observations, with 
improved technical methods, ha\ e necessitated a ve\ ision of ojimion with 
regard to this point ^^d^lpple and his collaboratoi s have made exten- 
sive experimental studies showing the relation of diet, inflammation and 
other factors to the fibrinogen content of the blood From their work it 
would seem difficult to accept variations in fibrinogen as of specific diag- 
nostic value in disease of the liver as tissue injur) in general is an 
efficient stimulus to increased fibrin production They conclude, how^- 
ever, that from all available data the liver is the only demonstrable source 
of fibrinogen in the body 

THE DETOXIFYING ACTIVITY OF THE LIVER 

Many toxic substances gain access to the organism only to be rapidly 
detoxified By oxidation or conjugation w ith neutral substances, these 

61 Lee, R I , and White P D A Clinical Study of the Coagulation Time 
of Blood, Am J M Sc 145 495-503, 1913, Lee, R I, and Vincent, Beth 
The Relation of Calcium to the Delayed Coagulation of Blood in Obstructive 
Jaundice, Arch Int Med 16 59-66 (July) 1915 

62 Walters, W Preoperative Preparation of Patients with Obstructne 
Jaundice, Surg , Gynec & Obst 33 651-656 (Dec ) 1921 

63 Foster, D P , and Whipple, G H Blood Fibrin Studies, IV, Fibrin 
Values Influenced by Cell In]ur 3 % Inflammation, Intoxication, Liver Injurj and 
thb Eck Fistula, Am J Physiol 58 407-431 (Jan ) 1921 
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toxic matenals are converted into physiologically inert bodies that in 
turn are excreted through the urine or bile The oxidation of indol 
to indoxyl and its ultimate excretion in the urine as indoxyl sulphuric 
acid , the conjugation of the toxic cholic acid with glycocoll and taurin 
to fonn glycochohc and taurocholic acids, Avhich are excieted in the 
bile, and the fonnation and excretion of conjugated glycuronates are 
all evidences of this type of detoxification The site of this detoxifica- 
tion IS not known with certainty, but man}^ of these changes are 
ascribed to the liver, and consequently there have been many attempts 
to secure a measure of the detoxifying power of the oiganism as an 
index to the functional activity of the liver 

Benzoic acid is detoxified in the organism and excreted as hippuric 
acid The liver has been thought to be active in this synthesis, although 
the kidney apparent^ is the chief locus of hippunc acid formation 
A combined clinical and expeiimental study of the benzoate test has 
recentl} been made b}^ Brj^an in this laboratory, and will be reported 
shoi tl}^ 

At the time Strauss intioduced his fiuctose toleiance test, he also 
attempted to measure the detoxifying power of the liver by feeding a 
known amount of indol and measuring the excretion of indican in the 
urine Fostei and Kahn fed thymol and measured the increase in the 
percentage of ethereal sulphates in the urine as an index to the degree 
of conjugation of the th}mol 

Other phenolic substances including camphor, salicylic acid, ciesol, 
guiacol and menthol have all been used to provoke conjugation The 
greatest measure of success with tests of this type has been repoited 
by Roger and Chira}',°° who gave a piovocative dose of camphoi and 
measuied the excretion of camphor glycuronic acid Conjugation was 
eithei delayed or diminished in j^atients with hepatic disordeis 

Delprat and Whipple have recently reviewed studies of liver func- 
tional tests and reported some of their own experimental studies More 
recentl} Pelican and Whipple have investigated the appeal ance of 
conjugated phenols in the blood following the administration of p-cresol 

64 Br 3 an, A W Clinical and Experimental Studies on Sodium Benzoate, 
I, The Value of the Sodium Benzoate Test of Renal Function and the Effect of 
Injury to the Liver on Hippunc Acid Synthesis, J Clin Invest, to be published 

65* Foster, C S , and Kahn, Max A Study of the Tests of Liver Function, 
T Lab & Chn Med 2 25-36 (Oct ) 1916 

66 Roger, H , and Chiraj'', iM La gfioiuronurie normale et pathologique , 
ses \anation dans la cirrhose et le diabete. Bull Acad de med 73 446-449, 1915 

67 Delprat, G D , and Whipple G H Studies of Liver Function, Benzoate 
Administration and Hippunc Acid Sjnthesis, J Biol Chem 49 229-246 (Nov) 
1921 

68 Pelkan, K F, and Whipple, G H Studies of Luer Function, III, 
Phenol Conjugation as Influenced by Liver Injur 3 and Insufficienci, J Biol 
Chem 50 513-526 (Feb ) 1922 
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They found that the conjugation of the phenols in the body was not 
disturbed by bleeding, by the piesence of a biliaiy fistula, or by a lethal 
intoxication (distemper) On the othei hand, an Eck fistula i educed 
both the amount and speed of phenol conjugation Partial exclusion 
of the liver by ligation of the hepatic artery also reduced conjugation 
Slight injury, as a result of chlorofoim or phosphorus poisoning, was 
without effect, but extensive injury piodnced piogressnely moie strik- 
ing lesults until, with fatal injury, the phenol conjugation was reduced 
to zero These observations led Pelkan and Whipple to the con- 
clusion that phenol conjugation was a function of parenchymal cells of 
the liver, and of no other bod}- cells Mann finds, however, that an 
appieciable degree of phenol conjugation may take place even after 
complete hepatectomy 

Handel,"® who studied the excietion of guiacol sulphuric acid and 
of camphor glycuronate in patients with hepatic disease, did not find 
constant deviations from noimal Schmid,"^ in a recent report on the 
camphoi test, concludes that it cannot be used as an index to functional 
changes in the liver, for the locus of conjugation is not known with 
certainty, the degree of conjugation is not unifoim, and it is not possible 
quantitatively to determine the excretion of glycuronates In Mew of 
the manifest objections ive can conclude onl} that moie knowledge con- 
cerning the exact mechanism and locus of detoxification in the body is 
necessary before a study of the conjugating poiver of the oigamsm can 
be accepted clinically as an index to the functional activity of the liver 

THE WIDAL HEMOCLASTIC CRISIS 

Widal recently has suggested that an important function of the 
liver IS the detoxification of protein-split products, such as proteoses and 
peptones, formed in the intestinal canal during digestion Failure of 
this proteopexic activity of the liver permits the passage of such prod- 
ucts into the general cii dilation wheie an anaphylactic reaction is pro- 
duced This last IS evidenced by changes m the blood pressuie, but 
especially by a transitory leukopenia, the hemoclastic crisis The usual 
piactice IS to make a leukocyte count after a fast of at least five hours 

69 Mann, F C Personal communication to the authors 

70 Handel, M Klmisch- experimentelle Studien uber die eiitgiftende Funk- 
tion der Leber, I, Ueber Schwefelsaure- und Glukuronsaurepaarung bei Leber- 
kranken, Ztschr f d ges exper Med 42 172-193, 1924 

71 Schmid F L’epreuve de la fonction hepatique par la glvcuronurie 
provoquee, Ann de med 13 328-358 (April) 1923 

72 Widal, F , Abrami, P , and lancovesco, N L’epreuve de I’hemoclasie 
digestive dans I’etude de I’lnsuffisance hepatique, Presse med 2 893-898, 1920,- 
Feinblatt, H M Alimentary Leukocytosis in Various Pathologic Conditions 
A Further Study in Reference to the Crise hemoclasique of Widal, Arch Int 
Med 33 210-216 (.Feb ) 1924 
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Ihe subject is then given 200 cc of milk, and the leukocyte count 
repeated at half-houi intervals Normally the usual postahmentai y 
leukocytosis follows, but leukopenia is observed in a variable proportion 
of subjects in both health and disease The significance of the test 
IS unceitain and many obseivers are agreed as to the great variability in 
the response We have been unable satisfactoiily to correlate the test 
with other clinical and laboratoiy evidences of hepatic disturbance, 
and question its value m the diagnosis of disease of the livei 

PHENOLTETRACHLORPHTHALEIN 

Phenoltetrachloi plithalem was first piepared by Orndorfif and 
Black m 1909 Pharmacologic studies by Abel and Rowntree 
showed that, when given by mouth to healthy animals, the diug was not 
absoibed fiom the intestinal tiact, but when given paienterally m 
moderate doses either intravenously or subcutaneously, dissolved m oil, 
the dye was excreted solely m the bile The specificity of this path 
of excretion suggested the use of phenoltetrachlorjihthalem as a test for 
hepatic function 

This test, as oiigmally described by Rowntiee, Hurwitz and Bloom- 
field. was carried out by the intravenous injection of a solution con- 
taining 400 mg of the dye Active purgation was instituted and the 
total feces were collected foi a penod of forty-eight hours The total 
amount of dye in the specimen of stool was then detei mined In a 
series of normal patients, fiom 30 to 50 per cent of the dye injected 
was recovered in the stools From patients with disease of the liver 
the proportion of dye recoveied was significantly decreased 

Whipple, Peightal and Clark"® studied the output of phenoltetia- 
chlorphthalem in expeiimental animals, and found that the degiee of 
hepatic damage produced in dogs by chloiofoim oi phosphoius poisoning 
or cautery of the liver was paialleled by the drojj in the excretion of 
the dye 

Subsequent opinions regarding the oiiginal test have varied greath 
Rowntree, Marshall and Chesney,^ in 1915, lepoited another senes of 
cases, extending and amplifying the oiigmal report Krumbhaar 
likewise consideied the test of definite value On the other hand, 

73 Orndorff, W R, and Black, J A Phenoltetrachlorphthaleiii and Some 
of Its Derivatives, Am Cliem J 41 349-393, 1909 , Chem Abst 3 1875-1876, 1909 

74 Abel, J J , and Rowntree, LG On the Pharmacological Action of Some 
Phthaleins and Their Derivatives, with Especial Reference to Their Behavior as 
Purgatives, I, J Pharm & Evper Therap 1 231-264, 1909 

75 Whipple, G PI , Peightal, T C, and Clark, A H Tests for Hepatic 
Function and Disease Under Experimental Conditions Phenoltetrachlorphthalem, 
Bull Johns Hopkins Hosp 24 343-357, 1913 

76 Krumbhaar, E B The Present Status of Functional Lner Tests, New 
York M J 100 719-721, 1914 



268 


ARCHIVES OF INTERNAL MEDICINE 


Sisson, McLester and Frazier^® and Kahn and Johnston,"® who 
reported smaller senes of cases, were doubtful of the value of the test 
The original technic of Rowntree, Hurwitz and Bloomfield ® was time 
consuming and the collection and analysis of the specimens of stools 
unpleasant and difficult These objections led McNeil,®® in 1915, to 
abandon entirely the collection of stools He substituted for it the 
passage of a duodenal tube, and the determination of both the time 
interval elapsing between the injection of the dye and its appearance in 
the duodenal drip, and the amount of dye recovered during a two-hour 
period of drainage McNeil, and Piersol and Bockus report that the 
time of the appearance and the total output of the dye are related 
Deakin and Graham maintained that the uncertainty regarding the 
quantitative recovery of bile through the duodenal tube militated against 
any study of the total output of phenoltetrachlorphthalein, and this view 
IS now widely accepted The normal time of appearance of the d)'e in 
the duodenal drip varies between fifteen and twent3’’-five minutes 
Numerous observers, including Kahn,®® Aaion, Beck and Schneider,®^ 
Williams,®® Piersol and Bockus,®^ Higgins ®® and Friedenwald and 
Gantt ®’' are agreed that pathologic cases usually show sufficient delay in 
the time of appearance to make the test of distinct clinical ^alue 
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Hoxie,®® on the other hand, does not considei the time of appearance to 
be sufficiently uniform for routine clinical use The arguments for 
and against the study of the appearance of phenoltetiachlorphthalem 
apply with equal force to the use of other dyes, such as methylene blue 
or rose bengal, m chromocholoscopy 

The difficulties and impracticability of studying the excietion of 
phenoltetrachlorphthalem in the stools or duodenal contents were later 
emphasized by Rosenthal Aftei the intravenous injection of the dye, 
he found it to be removed from the blood stream veiy rapidly and 
uniformly In normal persons only from 2 to 7 per cent of the dye 
was found in the blood seium fifteen minutes after the injection, and 
less than 3 per cent at the end of an hour Experimental studies by 
Rosenthal showed that after phosphorus or chloroform poisoning oi 
partial removal of the liver theie was a marked retention of the dye in 
the blood stream Lamson has also used this method with success in 
his study of the toxic effects of carbontetrachlorid 

As the result of his experimental studies, Rosenthal suggested the 
rate of removal of phenoltetracWorphthalein from the blood stream as 
the most satisfactory clinical test of hepatic disturbance Rosenfield and 
Schneiders,®^ and Greenbaum and Brown ®' have reported small series 
of cases indicating the value of this test in the toxemias of pregnancy 
and in syphilitic affections of the liver In the present study, the rate 
of removal of this drug from the blood stieam was deteimined accord- 
ing to the piinciples outlined by Rosenthal Because of minor vaiiations 
in the technic used we shall describe our method m detail 


88 Hoxie, G H Phenoltetrachlorphthalem Liver Function Test, JAMA 
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Method of Dete) mining Rate of Removal of Phenoltetiachloi- 
phthalem from the Blood Stieam — The phenoltetrachlorphthalem is 
injected intravenously in a dosage of 5 mg for each kilogram of body 
weight This corresponds to 1 cc of the solution piepared according 
to the original directions of Rowntree, Hurwitz and Bloomfield for each 
10 kg of body weight If a large supei ficial vessel m which there is a 
free flow of blood, such as the median cubital vein, is chosen and the 
undiluted d^e solution is injected slowly enough (from 1 to 2 cc each 
minute) to permit of considerable dilution by the blood stream during 
the injection, no reaction follows If the injection is made into one of the 
other superficial veins, such as the cephalic, m which the blood flow is not 
so great, or if the injection is made too rapidly, theie may be a sensation 
of a transient burning along the course of the vein Occasionally slight 
induration or local thrombosis at the site of injection occurs, especially 
if the dye solution is allowed to leak back from the vein into the sub- 
cutaneous tissues 

The majority of observers who have injected phenoltetrachlor- 
phthalem in amounts similar to those used m this study have diluted the 
dye with distilled water or salt solution Such dilution requires the 
administration of the dye by gravity or the use of some special three- 
way stopcock to permit the washing out of the system The simplicity 
of the apparatus and the resultant ease of sterilization and administra- 
tion, we believe, commends the direct method of injection On account 
of the irritant action of the dye solution, the greatest care and exactitude 
are required m its administration 

Following the injection of the phenoltetrachlorphthalem solution, 
blood samples are taken at fifteen minutes, one hour and two hours 
These samples are preferably taken from the other arm in order to avoid 
the possibility of contamination from the retention of dye at the site 
of injection, although this danger is negligible in practice We have 
noticed no difference in the readings of serum and plasma samples pro- 
vided they are unhemolyzed 

The amount of dye m the serum is most easily determined by dividing 
the sample between two tubes of equal caliber A trace of alkali suffices 
to develop the maximal color of the dye in one tube, while the other 
serves as a control Comparison is then made against standard tubes of 
dye, using the Walpole method of compensating for the serum color 
Hemolyzed bloods are precipitated by acetone, as suggested by Bloom 

93 Ampules containing- a stable solution of phenoltetrachlorphthalem of this 
concentration are now prepared bv Hynson, Westcott & Dunning 

94 Walpole, G S Chart Presentation on Recent Work on Indicators, 
Biochem J 5 207-214, 1911 
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and Rosenau The extraction of dye by acetone is not entirely com- 
plete, but the method is satisfactory for oidinary purposes We have 
adhered to Rosenthal’s oiigmal method®® of notation in reading the dye 
in percentage of an assumed initial concentration Variations m the 
plasma volume introduce minor inaccuracies in this system of notation, 
but this error is too slight to be significant and may be disregarded 

The comparison of diffeient patients or of a senes of tests on the 
same patient necessitates a uniform notation of the degree of dye 
retention indicated by each test Lamson has introduced the conception 
of a “toxicity index” based on the total area subtended by the cune 
showing the concentration of dye in the plasma The accurate deter- 
mination of this curve of concentration requires repeated vempunctuie 
up to the time of disappearance of the dye from the plasma, and the use 
of a planimeter for the measurement of the area subtended by the 
resultant curve Lamson has pointed out the difficulties in the use of this 
toxicity index, and admits that at best the values are approximate only 
We have preferred to refer to positive readings as indicating slight, 
moderate, marked and maximal degrees of retention Both the concen- 
tration of the dye at the initial reading and the rate of removal from the 
blood stream are considered in this determination of degree of retention 
When a comparison of several readings has been made, we have usually 
taken the one-hour readings This is the most valuable single sample, 
but our knowledge of the test is not as yet sufficient to warrant the entii e 
dependence on this one sample, as suggested by Bogen 

Uimary Exaction of Phcnolfefiachloi phthalem — Rowntiee, Hur- 
witz and Bloomfield mentioned the urinary excretion of phenoltetrachloi- 
phthalem in their original papers They did not find the d^e m the 
urine of any normal subject, and believed that its appearance in the 
urine was of distinct clinical significance Subsequent investigators 
either have not studied the urinaiy output, or else have not considered 
it significant 

As a matter of routine we have collected the urine over a period of 
two hours following the injection of phenoltetrachlorphthalem Tiaces 
of the dye may appear m the urine of normal subjects, but only in 
exceptional instances does the total output exceed 0 5 mg The urinar\ 
output apparently is dependent on the concentration of the dye in the 
blood, and amounts of 1 mg or more are indicative of definite retention 

95 Bloom, W , and Rosenau, W H A Simple Method for the Determination 
of Phenoltetrachlorphthalem in Blood Serum, JAMA 82 547 (Feb 16) 1924 

96 This method of determining the content of dye has been developed inde- 
pendently by Bogen (A Clinical Test for Lner Function, J Lab & Chn ^led 
8 619-621 [June] 1923), Broun, and Rosenthal The standard tubes of phenol- 
tetrachlorphthalein fade readily when exposed to light and may veil be replaced 
by the inorganic standard solution developed Iw H 3 mson, Westcott & Dunning 
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of dye It must be lemembered that the lenal excretion is dependent 
parti} on the functional activity of the kidneys, and patients with com- 
bined hepatic and renal disease may not show a urinary excretion of 

phenoltetrachlorphthalem commensurate with the degree of retention in 
the blood In doubtful cases, however, the urinary findings may be of 
distinct clinical value 

BROMSULPHALEIN 

Recently, White has prepared a disulphonic derivative of phenol- 
tetrabromphthalein The disodium salt of this deiivative (brom- 
sulphalein ®') is readily soluble in water, forming a colorless, neutral, 

nomrritating solution The addition of an excess of alkali suffices 

to produce the characteristic reddish violet of the original d}e The 
physiologic properties of this new derivative apparently are very 
closely allied to those of the phenoltetrachloi phthalem, but because of the 
neutral and theiefore nonii ritating character of the solution, the disul- 
phonic acid derivative may prove of superior usefulness for routine use 
The latter d}e leaves the blood stream somewhat less rapidly than the 
original, and accordingly is a more sensitive indicator of small degrees 
of change 

COMMENT 

We have heie tried to give an outline of the reported tests for those 
ph} siologic changes m the liver which ga^ e sufficient evidence of clinical 
usefulness to warrant further study In the subsequent papers of this 
series, we shall report the results of a comparative study of certain of 
these tests m various clinical and experimental conditions 

97 Rosenthal, S M , and White, E C Studies in Hepatic Function, VI A, 
The Pharmacological Behavior of Certain Phthalem D>es, B, The Value of 
Selected Phthalem Compounds in the Estimation of Hepatic Function, J Pharm 
& Exper Therap 24 265-288 (Nov) 1924, Clinical Application of the Brom- 
sulphalein Test for Hepatic Function, J A M A 84 1112-1114 (April 11) 1925 
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II A COMPARATIVE STUDY OP CERTAIN TESTS FOR HEPATIC 
FUNCTION IN EXPERIMENTAL OBSTRUCTIVE JAUNDICE 

ALBERT M SNELL, MD 
CARL H GREENE, AID 

AND 

LEONARD G ROWNTREE, AID 

ROCHESTER, MINN 

Study I of this senes was devoted to a consideration of the physio- 
logic basis, technic and intei pi etation of a numbei of clinical tests for 
functional disturbances of the liver ^ The piesent study of tests for 
hepatic function in expeiimental obstiuctive jaundice was undei taken 
with the view of (1) delimiting the relative value and significance of 
the vaiious tests under controlled conditions, (2) establishing an expeii- 
mental background for the better interpi etation of the functional devia- 
tions clinically obseived m patients with obstructive jaundice, and (3) 
con elating, so fai as possible, the physiologic changes indicated bv the 
various tests with the pathologic changes observed at necropsy 

Two groups of SIX dogs each were studied those which had had sim- 
ple ligation of the common duct, and those which had had cholecvstec- 
tomy besides ligation of the common duct In all cases complete studies 
with regard to the tests to be employed were made before the opeiation, 
and at intervals of from one to three days during the peiiod immediate!} 
following the production of the obstruction With the development of 
marked jaundice theie weie definite changes in the functional tests 
Subsequently, the changes wei e less rapid, and tests were made at weekly 
intervals A second operation was pei formed m a few instances to 
lelieve the obstruction, and the course of the lecoveiy was studied 
The animals were kept on a constant diet of meat, milk and dog 
biscuit Following ligation of the common duct, the dogs of the first 
group manifested but little postopeiative reaction and were in good con- 
dition for the first three to five days, when icterus became prominent, 
thereafter they developed lassitude, anorexia, weakness and progressive 
emaciation The animals of the second group, in which the gallbladdei 
was removed at the time the common duct was ligated, developed a pro- 
found intoxication and icteius within twenty-four houis after opeiation 

Read before the Society of Clinical Surgery, Rochester, Alinn , June 7, 1924 
-^From the Division of Aledicine, Alajo Clinic and Alaj^o Foundation 
1 Greene, C H, Snell, A AI , and Walters, Waltman Clinical and 
Experimental Studies in Diseases of the Liver, I, A Sunej of Tests for Hepatic 
Function, Arch Int Aled 36 248 (Aug ) 192S 
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These dogs usually improved somewhat aftei a few days, and thereafter 
the clinical condition of the animals of the two series was similar 

Control experiments were made to determine the specific effects of 
the anemia, acidosis, anorexia and loss of weight incidental to the experi- 
mental procedures A few animals were fed daily by stomach tube a 
mixtuie of corn syrup and milk, to prevent the loss of weight following 
operation These animals remained in a somewhat better condition than 
those allowed to eat at landom, but the changes in the responses to the 
different tests were identical in the two senes In further control experi- 
ments on noimal animals, the effects were studied of fasting that caused 
a loss of 40 per cent of the initial body weight, of acidosis produced 
by a ketogenic diet and the administration of ethyl aceto-acetate and 
of anemia produced by eithei a single laige bleeding or several small 
bleedings In general the latter procedure had but little effect on the 
results of the different tests 

DATA IN EXPERIMENTAL JAUNDICE 

The functional distuibances observed following the pioduction of 
obstruction were strikingly uniform in both series of experiments Five 
animals in which complete studies weie made were included in each 
series Slight individual variations occuried, but the results, as exam- 
phfied by these animals, were quite constant for each expeiimental series 

PROTOCOLS 

Experiment 1 — Dog H26 was an adult male, black and white mongrel m 
good condition, weighing 13 4 kg ^larch 31, a complete series of functional 
tests was performed April 1, the phenoltetrachlorphthalein test was repeated 
as an additional control April 3, under ether anesthesia and using aseptic 
technic, the common duct was doubly ligated and sectioned between clamps 
The gallbladder was not disturbed April 4, the animal was in good condition 
and without evidence of postoperative reaction The functional studies were 
repeated (Fig 1) April 7, slight icterus was apparent in the skin and con- 
junctiva There vas then a gradual increase m the degree of apparent icterus 
associated with progressive anorexia and loss of weight The findings m the 
different tests are shown in Table 1 Alay 6, an attempt was made to relieve 
the obstruction At operation the cut end of the obstructed common duct was 
readilj found, as it was dilated to many times the normal diameter An 
anastomosis w'as made between the dilated duct and a loop of the ileum. The 
operation was difficult and there was some unavoidable soiling of the operative 
field The animal did not do well and died twenty-eight hours later Functional 
studies were made immediately before death 

At necrops}'^ immediatelv after death, the mucous membranes w'ere jaundiced 
in appearance and the tissues bile stained, especially the intimal lining of the 
heart and aorta Only small amounts of dirty yellow' omental fat w’cre 
obseried There w'as no free fluid in the peritoneal cavity The anastomosis 
was intact and the intestine contained bile The extrahepatic bile ducts were 
greatb dilated, and the thin-w ailed, distended gallbladder contained thick 
Mscid green bile The Iner w'as shrunken, congested and mottled in appearance 
The mtrahepatic bile ducts were moderately dilated The mesenteric Ivmph 



SNELL ET AL— DISEASES OF THE LIVER 


275 


nodes were enlarged, and there was an acute pancreatitis with multiple areas 
of fat necrosis The spinal fluid and aqueous humor were colorless, and quali- 
tative tests for bile pigments were negative 

Microscopic examination of the liver (Fig 2) disclosed a slight increase in 
connective tissue around the bile ducts with beginning round cell infiltration 
In the central portion of the lobule there was a slight staining from bile, and 
a few bile thrombi were present in the canahculi The parenchj'mal cells were 
sw’ollen, the sinuses compressed, and there was no increase in the endothelial 
cells 

Experiment 2 — Dog H25 was an adult, male mongrel bulldog in good 
condition, weighing 12 4 kg March 31, a complete senes of functional tests 
was performed April 1, the phenolletrachlorphthalein test rvas repeated as 
an additional control April 3, under ether anesthesia and using aseptic tech- 
nic, a cholecystectomy was performed and the common duct doubly ligated and 
sectioned between clamps The following day the dog was definitely jaundiced, 
extremely ill, and scarcely able to stand There was bile in the urine 



Fig 1 (Dog H26) —Changes in serum bilirubin, phenoltetrachlorphtlialein 
and fructose tolerance tests following ligation of the common bile duct 

Functional studies were made (Fig 3) April 5, the animal w'as somewhat 
better The stools w'ere very light in color April 8, the animal was much 
improved and w^as eating well, but thereafter emaciation constantly increased, 
and there were icterus and anorexia (Tabic 2) The dog was found dead in 
the cage fifty-five days after the operation 

At necropsy the mucous membranes, sclerae, subcutaneous fat and linings 
of the heart and blood vessels w'cre deeply tinged with bile There was no free 
fluid in the peritoneal cavity and no evidence of peritonitis The liver was 
shrunken and dark, weighing only 212 gm , and show’cd marked resistance on 
section Both the extrahepatic and the intrahepatic bile passages w'ere markedly 
dilated and filled with dark, viscid bile The kidneys were swollen, and the 
cortex was bile stained 

Microscopic examination of the liver (Fig 4) disclosed that the norma 
architecture was not disturbed, although there was considerable fibrous tissue 
thickening around the branches of the hepatic ducts The bile ducts were 
thickened and there was much surrounding round cell infiltration Staining 
from bile was marked in the central portion of the lobule, the canaliculi bmng 
filled with pigment masses The hepatic cells w^ere small and atrophic ihe 
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Fig 3 (Dog H25) Changes in serum bilirubin phenoltetrachlorphthalem 
and fructose tolerance tests following ligation of common bile duct and 
removal of gallbladder 
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sinusoids were dilated and there was a slight increase in the endothelial tissues 
The changes were much more marked than in the preceding animal 

Experiment 3 — Dog H32 was an adult female, brown and white hound in 
good condition, weighing 12 1 kg April 17, a complete series of functional 
tests was made (Fig 5) May 1, under ether anesthesia and aseptic technic, 
cholecystectomy was performed and the common duct doubly ligated and sec- 
tioned between clamps May 2, the animal was profoundly toxic, and the sclerae 
and mucous membranes were definitely icteric May 6, the animal was some- 
what better, but the icterus was unchanged Thereafter there was progressive 
anorexia and loss of weight (Table 3) After May 15, the animal was fed 
daily a mixture of milk and corn syrup which checked the loss of weight but 
had no other apparent effect May 20, a second operation was performed and 
an anastomosis made between the two portions of the common duct by means 
of a T-tube At this time the extrahcpatic bile ducts were greatly dilated and 



Fig 4 (Dog H25) — Section of liver showing changes fifty-three days after 
ligation of common bile duct and removal of gallbladder 

thin-walled, and the operation was difficult Following the operation there was 
a free drainage of bile from the T-tube, and the stools became darker in color, 
although they did not return to normal May 26, six days after operation, 
drainage from the T-tube ceased and the dog’s condition was obviousl> worse 
May 27, tests of the stool for bile were negative The animal became progres- 
sively worse and was found dead in its cage. May 28 

At necropsy the usual icteric staining was noted The liver was deeply 
stained with bile and shrunken, and tough on section The intrahcpatic bile 
ducts weie markedly dilated The T-tube was kinked and the proximal end 
completely obstructed by calcareous material 

This experiment was of particular interest in that there was a definite 
decrease in the serum bilirubin and the degree of d 3 'e retention following 
operative relief of the obstruction The drainage tube later became blocked, 
with consequent development of the changes characteristic of obstruction 
These changes were similar to those seen clinically under similar circumstances 
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DISCUSSION or TESTS 

Fructose Toleiance — The changes in the fructose tolerance were 
studied by the technic of Bodansky = The dogs were given 3 gm of 
sugai for each kilogram of body weight, and the blood sugar determined 
fifteen minutes, one hour and two houis later by the method of Fohn 
and Wu In foity tests on normal animals the blood sugar increased 
from 10 to 20 mg pei cent over the initial fasting blood sugar level 
No rise greater than 35 mg per cent was observed in normal animals, 
and we have followed Bodansky in accepting this as the maximal noimal 
value 
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Fig 5 (Dog H32) — Changes m serum bilirubin, phenoltetrachlorphthalein 
and hemoconia following operative relief of an experimental obstruction to the 
common bile duct 

Postopeiative hypeiglycemia made the interpretation of fructose 
tolerance tests difficult the first day after opeiation A definite reduc- 
tion in the carbohydrate tolerance was fiist obseived from the second to 
the eler enth da) after ligation of the common hile duct There was no 
significant difference between the two series of experiments Usually 
the reaction became positive about the sixth day and remained so until 
the death of the animal Rises in the blood sugar of 40 mg pei cent or 
more over the initial fasting level weie the rule and in some instances 
the initial blood sugar value was doubled During the latter portion of 
the postoperative course, fructose tolerance occasionally was noimal, but 
such responses apparently were accidental, since the reaction subse- 
quently became positive In two instances the fructose tolerance was 

2 Bodansky, Mejer Fructose, Glucose and Galactose Tolerance m Dogs, 
J Biol Chem 56 387-393 (June) 1923 
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estimated on the day of death In both the fasting blood sugar level was 
low and no appieciable use followed the administi ation of fiuctose 

The constancy of the changes obseived in the fructose tolerance tests 
following the pioduction of obstiuctive jaundice ma)^ well be mteipieted 
as evidence of distuibance in the gtycogenic activity of the hvei It is 
not necessary to consider the possibility of an associated pancieatic 
disturbance or diabetes melhtus m experimental animals, as it is in 
patients with obstiuctive jaundice At the same time, the changes in 
this test cannot be interpreted as absolutely specific In certain noimal 
animals whose blood sugai during fasting was low, a rise of more than 
35 mg followed the ingestion of fiuctose Such tests aie difficult of 
evaluation since a definite hyperglycemia did not develop Also, both in 
fasting animals and in those on a ketogemc diet, occasional positive 
results were obtained with maximal blood sugai values consideiabl)'^ 
above the noimal limits 

Blood Sugm Level — The role of the liver m the maintenance of 
the blood sugar level has been fully established bj^ many investigatoi s 
In these experiments hyperglycemia was frequently obseived on 
the day following operation, and it was asciibed to the opeiative 
piocedure After the induction of obstruction and the development 
of icterus, the blood sugai level during fasting usually was within 
the normal limits In some animals a moderate teiminal hypoglycemia 
was noted, a finding m accoid with those of Isaac,® Williamson and 
Mann^ and others, who made this observation in other forms of injury 
to the hvei, especially in experimental phosphoius and chloiofoim 
poisoning 

Ahtiogen PaiMwn m the Blood — Complete studies of the nonprotein 
nitiogenous constituents of the blood were made on each test day No 
dial actenstic dififeiences weie noted between the results in the two 
senes of experiments The blood urea levealed the most consistent and 
characteristic changes of all the nitrogenous constituents studied In 
geneial there was a definite fall following the development of jaundice 
The decrease involved both the lelative and absolute values for urea 
while the total nonprotem nitrogen was less affected This is well shown 
in Table 1 Shortly befoie death a sharp rise in the blood urea was noted 
as an antemortem phenomenon These changes in the blood urea are of 
extreme interest, for Moiguhs and Edwards ® found that fasting alone 

3 Isaac, S Theoretisches und Klinisches zur Stellung der Lavulose im 
Stoffwechsel, Med Klin 2 1207-1210, 1920 

4 Williamson, C S , and Mann, F C Studies on the Physiology of the 
Liver, V, The Hepatic Factor in Chloroform and Phosphorus Poisoning, Am T 
Physiol 65 267-276 (July) 1923 

5 Morguhs, Sergius, and Edwards, A C Chemical Changes in the 
Blood During Fasting and Subsequent Refeeding, Experiments on Dogs, -^m 
J Physiol 68 477-498 (May) 1924 
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caused an inciease in the blood uiea Yanagi *' and others have lepoited 
that the blood uiea is decreased in patients with maiked jaundice 
Rowntree, Mai shall and Chesney showed a deciease in the peicentage 
of the urea to total nonpiotein nitrogen, and Bollinan, Mann and 
Magath® have demonstrated that hepatectoiny pioduces marked inter- 
ference with the foimation of uiea in the body as evidenced by low 
values foi the blood urea Neveitheless, it should be pointed out that, 
while the blood uiea in general is decreased following the pioduction of 
experimental jaundice, the values still fall within the lower limits of 
normal 

In only two instances did deteiminable quantities of a substance 
giving the color leactions of uiic acid appear in the blood Both 
instances represented isolated obseivations apparently without general 
significance This again serves to emphasize the diffei ence between the 
reactions in these animals and in those in which the hvei has been com- 
pletely removed, in whose blood Mann has emphasized the regular 
appeal ance of uiic acid 

Bile Pigments — Biliiubin is not a normal constituent of dog’s blood, 
or at least it is not piesent in appieciable quantities From the stand- 
point of renal exci etion it may be considered a non-thi eshold substance 
and any fiee pigment in the plasma is promptly excieted in the urine 
With the pioduction of obstiuctive jaundice the usual pathway of excre- 
tion is blocked and bilirubin appeals in the blood in amounts greater 
than the kidneys can exciete On the appeal ance of bihiuliin in the 
blood stream the seium first exhibits an indiiect van den Beigh ® reaction 
This reaction latei becomes diphasic and finally diiect, as the amount 
of pigment inci eases 

Onty tiaces of bihiubiii weie found in the blood twenty-foui houis 
aftei ligation of the common duct The van den Beigh leaction usually 
became direct aftei from forty-eight to seventy-two hours at which 
time the serum contained from 2 to 4 mg pei cent of bilirubin 

Clinical evidences of obstiuction developed more slowly, and fiank 
icterus usually did not appear until the thud oi fouith day aftei opera- 
tion Bile pigments were not found in the mine befoie the second daj'^ 
In this series of animals, the amount of bile retention inci eased pio- 

6 Yanagi, K A New Colorimetric Method for the Determination of 
Urea with Urease, J A M A 82 1169-1171 (April 12) 1924 

7 Rowntree, L G Marshall, E K, Jr, and Chesney, A M Studies m 
Liver Function, Tr A Am Phys 29 586-625, 1914 

8 Bollman, J L , Mann, F C , and Magath, T B Studies on the 
Physiology of the Liver, VIII, Effect of Total Removal of the Liver on the 
Formation of Urea, Am J Physiol 69 371-392 (July) 1924 

9 Van den Bergh, A A H Der Gallenfarbstoff im Blute, Leiden, van 
Doesburgh, 1918, 8. 
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gressively until the second or thud week, thereafter the serum bihiubin 
values weie constant, aside from slight daily fluctuations 

In animals with cholecystectomy, besides ligation of the common duct, 
jaundice developed much more lapidly than in those with simple obstruc- 
tion In two expel iments an indirect van den Bergh reaction was fiist 
obtained thiity minutes after ligation of the common duct This leac- 
tion latei became diphasic One and one-half hours after ligation of the 
common duct and removal of the gallbladder, the direct leaction was 
obtained The seium at this time contained 0 3 mg pei cent of liihiubin 
At the end of foui houis, the seium biliiubm was 2 2 mg pei cent 
Twenty-foui houis after opeiation the seium contained fiom 3 to 5 mg 
pel cent of bilirubin The mine contained laige amounts of bile 
pigments, and the scleiae and mucous membranes usually had a definite 
icteiic tinge The amounts of biliiubm in the seium of the animals in 




Fig 6 — Effect of presence or absence of the galllilackler on changes in sc.um 
bilirubin following ligation of common bile duct Left without cholecystectomy , 
right with cholecystectomy 

this gioup usually rose steadily dm mg the fiist week, when a tiansient 
deciease occuiied, with a subsequent use to the final level (Fig 6 ) 

The clinical evidence of icterus inci eased somewhat as the obstiuction 
continued, although the seium bihinbin was fairly constant during the 
lattei poition of the dog’s life Dining this peiiod theie was little, if 
any, diffeience between the animals of the two series of expei iments In 
both groups the seium bilirubin varied between 5 and 10 mg pei cent 
on the average, and no use greatei than 13 5 mg per cent was noted In 
this respect the experimental observations differ from the clinical, for 
while the seium biliiubm was maikedly inci eased in these dogs, it did 
not appioach the excessive amounts occasionally observed in jaundiced 
patients 

Fasting alone may occasionally cause the appearance of bilirubin in 
the urine of noimal dogs However, in none of the contiol animals was 
It possible to demonstiate the piesence of a bihiubinemia 
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The Hemocoma Test of Bi ule — The role of bile acids in fat metab- 
olism has been discussed at length by Brule, “ who consideis these acids 
essential for the absorption of fat from the intestines The estimation 
of ultramicroscopic blood fat particles (hemocoma) after a fat meal was 
carried out according to his method in two animals Betoie operation 
both showed the noimal increase of hemocoma over the control specimen 
taken during fasting When biliary obstruction was well established no 
increase in hemocoma was noted in the ten tests performed on these two 
animals Connection between the bile passages and the intestine was 
reestablished in one (Experiment 3) Thereafter the blood fat particles 
increased normally following the fat meal A few days later the tube 
became obstructed and the test again became positive These findings 
are in keeping with the views of Biule, as he asseits that the saturation 
of intestinal mucosa with bile pigments may be sufficient to give a posi- 
tive test for steicobilin m the stool even in the presence of well estab- 
lished obstruction For this reason it would appear that the test for 
hemocoma may be somewhat moie accurate than the simple stool exami- 
nation for bile 

Coagiilahon Factois — The delay in the coagulation time of the blood 
IS a well known clinical phenomenon in cases of obstructive jaundice It 
has recently been studied by Walters, who has given calcium chlorid 
intravenously to reduce the coagulation time and thus combat the tend- 
ency to hemorrhage following suigical proceduies in such cases The 
coagulation and calcium time of the venous blood was studied in all 
animals by the method of Lee and White,^“ who have pointed out that 
both the coagulation time and the calcium time were greatl}'^ prolonged 
in the presence of demonstrable icterus and remained so until death 
The normal coagulation time of dog blood by this method vanes between 
four and seven minutes 

Following the pioduction of obstruction, the usual coagulation time 
varied between eight and twelve minutes, although the maximal value 
was fifteen minutes In general there was a fairly close paiallelism 
between the degree of bile retention and the coagulation time, although 
in some animals a spontaneous reduction in the coagulation time was 
noted late in the progress of the condition The total calcium content 
of the seiuin did not vary from the normal following the development 
of jaundice 

10 Brule, Marcel Recherches sur les icteres les retentions bihanes par 
insuffisance hepatique, Pans, Masson et Cie, 1922, 13 . 

1 Walters, Waltman Preoperative Preparation of Patients with Obstruc- 
tive Jaundice, Surg , Gynec & Obst 33 651-656 (Dec ) 1921 

12 Lee, R I, and White, P D A Clinical Study of the Coagulation Time 
of Blood, Am J M Sc 145 495-503, 1913 
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Blood fibnn deteiminatioiis weie made by the method of Fostei and 
Whipple A shaip postopeiative use ^\as noted m all animals with a 
giadual retuiii to noimal foi seveial days Theieafter values appioach- 
iiig the uppei limits of noimal weie the iiile, occasional high \alues weie 
obseived, but in no instance was theie a definite deciease in the fibnn 
No diiect lelationship between the coagulation time and the fibnn con- 
tent of the blood was obseived 

Fragility Studies — The lesistance of red blood coipuscles to h}po- 
tonic salt solutions, measured by the method of Giffin and Sanfoid,^'* was 
inci eased matenally in two animals aftei the induction of biliary obsti no- 
tion Hemolysis in noimal animals began in solutions of about 0 44 
pel cent , and was complete in solutions of fiom 0 3 to 0 32 pei cent In 



Fig 7 — Effect of presence or absence of the gallbladder on development of 
phenoltetrachlorphthalem retention after ligation of common bile duct Left 
without cholecystectomy, right with cholecystectomy 

the presence of bilii ubmemia, dilutions as low as from 0 24 to 0 26 
per cent were lequiied for complete hemolysis This deci eased tendenct 
to hemolysis after the onset of jaundice was fuithei evidenced by the 
appeal ance of the seiuni Before operation it was difficult to obtain 
blood serum entiiely free fiom hemoglobin, but as soon as the bihru- 
binemia was well advanced, peifectly clear specimens were the lule 
Shortly before death, however, hemolysis was often noted 

Anemia was not a sti iking featuie in any instance although there was 
a steady fall m the ei ythi ocytes, as measured by the heinatociit, and the 
hemoglobin showed a slight decline These findings i\eie to be expected 
in view of the lepeated bleedings to which the animals weie subjected 

13 Foster, D P, and Whipple, G H Blood Fibrin Studies, IV, Fibrin 
Values Influenced by Cell Injur 3 % Inflammation, Intoxication, Luer Injurj 
and the Eck Fistula, Am J Phj'’siol 58 407-431 (Jan ) 1921 

14 Gifffn, H Z, and Sanford, A H Clinical Observations Concerning 
the Fragility of Erythrocjtes, J Lab & Chn Aled 4 465-478 (Maj^) 1919 
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The Widal Hemoclashc Ci isis — ^Widal has described apostahmen- 
tary leukopenia as one phase of what he terms “the hemoclastic crisis ” 
He considers this leukopenia after a protein meal as evidence of hepatic 
insufficiency The test was performed on three dogs with jaundice of 
long duration The animals showed changes in the other laboratory 
tests, but the changes m the hemoclastic crisis were not characteristic 
(Table 4) The test was perfoimed on two other animals before and 
after operation Following the obstruction to the common duct, the 
two dogs showed a slight, but not characteiistic leukopenia All the 
animals with obstruction showed a high initial leukocyte count with 
considerable variation in successive counts , the variations made it difficult 
to ascribe small changes to the effect of the protein meal, and the inter- 
pretation of the tests was con espondmgly difficult Our results have led 
us to question the practical value of this test, at least in experimental 
work such as this 


Table 4 — IVidal Hemoclastic Cusis 


lculvOc> te Count 



Duration 
of Ob 

/ 


A 

Time After Talcing Milk 


Bog 

Bays 

Fasting 

0 5 Hour 

1 Hour 

1 3 Hours 

2 Hours 

G926 

14 

S.EOO 

7,200 

7,000 

10,200 

11,100 

H 26 

12 

13,900 

11,000 

15,500 

19,800 

20,500 

H 25 

12 

20,800 

21,600 

27,400 

32,000 

30 000 

H 82 

0 

10,500 

10,300 

13,000 

16,300 

19,600 


2 

V,400 

19,200 

21,500 

23,200 

18,800 

26.000 


7 

18,600 

18,600 

19,200 

15,200 


15 

38,000 

33,500 

33,300 

11,500 

41,300 

37,900 

13,500 

H 31 

0 

11,500 

9,900 

11,600 


3 

21,900 

21,700 

20,700 

23,800 

20,400 


10 

51,800 

48,800 

53,000 

47,000 

55,700 


PhenolteU achlot phthalcin — The original test of Rowntree, Hur- 
witz and Bloomfield could not be applied in the study of obstructive 
jaundice as it was based on the measurement of the amount of dye 
excreted in the stools Rosenthal has since modified the test by sub- 
stituting the measurement of the degree of the retention of dye in the 
blood for the studj of the excretion in the bile He found that phenol- 
tetrachlorphthalein retention did not occur in experimental obstruction 
of the common duct However, his observations on animals were con- 
fined to the first three da)^s after the production of biliary obstruction 

15 Widal, Fernand, Abrami, Pierre, and lancovesco, N L’epreuve de 
I’hemoclasie digestive dans I’etude de I’lnsuffisance hepatique, Presse med 
2 893-899, 1920 

16 Rowntree, L G , Hurwitz, S H, and Bloomfield, A L An Experi- 
mental and Clinical Study of the Value of Phenoltetrachlorphthalein as a Test 
for Hepatic Function, Bull Johns Hopkins Hosp 24 327-342, 1913 

1/ Rosenthal, S M An Improved Method for Using Phenoltetrachlor- 
phthalein as a Lner Function Test, J Pharm & Exper Therap 19 385-391 
(June) 1922 
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Our animals v ere observed lor a longer period and definite changes 
associated vith the development of icterus vrere present. 

On accoant ot the rapid disappearance of the dye from dog s blood 
e used a close or 10 mg lor each kilogram of bod} vreight tcvice tke 
amount used ror patients In fort} determinations on thirt}-five normal 
animals v.*e round that the greater part of the d}e disappeared m fifteen 
minutes the usual readings being betneen 6 and 8 per cent after fi\e 
minutes 3 and 5 per cent after ten minutes and 3 per cent or less after 
niteen minutes Traces of d}e were fouPd in blood specimens dravn 
one hour atter its administration but the r\\o-hour specimens contained 
no d}e In normal animals an average of less than 1 mg. of dve was 
lound .n two-hour unne specimens 

e have compared the results of different tests on the basis of the 
sura or tne ci} e readings obtained in the five speamens of b^ood taken 
.n each rest that is five ten fifteen sixt} and 120 minutes after the 
iriiecaon of the d}e In normal animals the total canes betc’ een ten 
and rwent} witli an ac erage of sixteen This is an arbitrar} method of 
companson but has been the most satisfactor}' for rouane use since it 
IS more concenient than the area m.ethod of Lamson and is a more 
£ensia''e incie-x than the indn idual test used ciinicaih by us 

Xo retention of pheno'tetrachlorphthalem in the blood stream of the 
clogs was obsened unal the second or third clay following the hgation 
of the common bile duct The development of distinct d}e retention 
usuad’ coinaced vnth the first definite appearance of bile in the b'oe^'. 
noth occurring from fora -eight to sevent} -tc'*o hours after operation 
Thereafter the amount of retention gradually increased the ma^.ria' 
amount bei-^g obtained from the second to the fourth v eek .n.t this anc 
the sura of the readings caned between -D and 60 per cent, on the 
ac'erage cchile as much as 25 per cent of the dee miectea was pre?e-^t 
n the serum two hours after” ards In general a gradualn increas ng 
serum bilirubin and dye retention •" ere found the tc’ o running an 
approximately parallel course until the death of the animal 

If cholecvstectomv and ligation or the common bile duct v ere per- 
formed dee retention ccas round rcentc-rour hours alter ope-ation 
Here too a close parallelism cvitli the amount ot serum biUrubi” v as 
obserc-ed the direct can den Bergh reacnon and distinct d}e retent on 
appearing at the same time I Fig 7j Durmg the penod imrrediately 
foliovnng operation these animals were in general much more affected 
bv their biliar} obstruction than those in the first group i ests miade at 
the end of the first week and during the second week usually s'nov ed a 
fall in serum bilirubin and a decrease in the degree oi dye retention. 

18 Lamson P D Gard-er G H Gustafson K K. Mairc E D , Hclxar 
■\ T and Wells H S The P.narmacologc and ioxwologc of Ca-Don Tct'-a- 
c’^loi'iO T Pham £: Exper Therap 22'21c-2S8 (Xo. ) 192o 
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Later a secondary rise in both bihrubin and phenoltetrachlorphthalein 
retention was observed, the curve tending to remain stationary after the 
third week The animals in this group lived somewhat longer and were 
in better condition than those in the first group, once they had become 
adjusted to their altered conditions and the effect of the bile retention 
The amount of dye in the two-hour specimens of urine, in general, ran 
parallel to the degree of dye retention in the blood 

COMMENT 

The moiphologic changes in the liver due to long standing biliary 
obstiuction and lesultant jaundice are well known The characteristic 
pathologic changes recentl}- have been described in detail by Ogata, 
MacCallum,-®, Bell,-^, Flynn -- and others No less definite are the func- 
tional disturbances evidenced by some of the tests studied by us 
Certain tests failed to show clean cut changes due to the production of 
obstruction This may imply either that such tests are not specific, oi 
that the pathologic disturbances did not produce functional alterations 
sufficient to permit of their demonstration by these tests 

While it IS known that the coagulation time of the blood is prolonged 
in cases of obstructive jaundice, the physiologic mechanism determining 
this delay is not known The fibrin and the total calcium content of 
the serum are not deficient The Widal hemoclastic crisis is not well 
adapted for use under the experimental conditions in our senes, and the 
results did not coriespond with the changes in the other tests The 
Brule hemoconia test, on the other hand, shows the presence or absence 
of bile salts in the intestines , and while it indicates obstruction in the 
biliary passages, it does not refei directly to the activity of the hvei 

Theoretically, the most desirable test for the functional efficiency of 
the liver would be one that would indicate disturbances in the metabolic 
activity of that organ Apart from the difficulty of securing a test 
specifically measuring the participation of the liver in protein oi carbo- 
hydrate metabolism, one must also consider the large factor of safety 
present under normal conditions The gi eater poition of the organ may 
be experimentally removed or destroyed without interfering with the 
well-being of the animal 

19 Ogata, Tomosaburo Beitrage 7ur experimentell erzeugten Lebercirrhose 
und zur Pathogenese des Ikterus mit spezieller Berucksichtigung den Gallen- 
kapillaren bei der Unterbindung des Ductus choledochus und der Ikterogenver- 
giftung, Beitr z path Anat u z allg Path 55 236-314, 1913 

20 MacCallum, W G A Textbook of Pathology, Ed 2, Philadelphia, 
W B Saunders Company, 1920, p 330 

21 Bell, L P A Study of the Pathologic Conditions Encountered During 
and Following the Relief of Experimental Obstructive Jaundice Compared 
with Similar Pathologic Conditions m Man, Papers Mayo Foundation and 
University of Minnesota Medical School, 1921-1922, 2 24-32 

22 Flynn, M R Personal communication to the authors 
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The decrease in the blood urea following the experimental production 
of biliary obstruction is definite though not marked In view of the 
expel iments of Bollman, Mann and Magath, these changes may be con- 
sidered significant although they are not sufficiently well marked to be 
clinically applicable 

In cases of toxic injury from phosphorus, chloroform or hydrazin, 
changes in carbohydrate tolerance parallel the apparent response of the 
experimental animal In obstructive jaundice similar changes in the 
fructose tolerance are obtained, indicating a failure of the organism to 
assimilate this form of carbohydrate We believe, therefore, that fruc- 
tose tolerance tests may be of value in experimental studies such as this, 
although we have pointed out elsewhere the difficulties in their 
clinical use 

The changes in the bilirubin content of the serum after the induction 
of jaundice are characteristic Emphasis should be placed on the differ- 
ences noted in the two groups of animals, the development of jaundice 
being delayed in those with an intact gallbladder Mann and Bollman 
have previously pointed out the more rapid development of bihrubinemia 
111 dogs following cholecystectomy, ligation of the cystic duct, or chole- 
cystitis of chemical origin With Rous and McMaster they have 
shown that an intact gallbladder has the power of greatly concentrating 
the bile this physiologic function of the organ suffices to delay the 
development of any increase in intraductal pressure and also postpone 
toxic hepatic injury due to bile retention On the other hand, removal 
of the gallbladder at the time of the ligation of the common duct prevents 
this concentration of the bile, the pressure within the hepatic duct 
rapidly rises, and there is a resorption of bile with a consequent rapid 
development of bihrubinemia and clinical icterus The quantitative 
determination of the serum bilirubin by the method of van den Beigh 
IS of the greatest value in the demonstration and study of these changes 

Much IS still to be learned concerning the fate of phenoltetrachlor- 
phthalein after its intravenous injection If there is obstruction the 
possibility of Its accumulation in the biliary passages wuth subsequent 
resorption must be considered, although all the dye leaves the blood 
stream within a few hours, regardless of the state of the liver No dye 
was found in the bile passages of these animals, although they had 
received repeated doses during the period of their obstruction Small 
amounts of phenoltetrachlorphthalein are excreted in the urine, but the 
greater portion of the dye retained m the organism must have been 

23 Rous, Peyton, and McMaster, P D The Concentrating Activity of 
the Gallbladder, J Exper Med 34 47-73 (July) 1921 

24 Mann, F C A Physiologic Consideration of the Gallbladder, J A 
M A 83 829-832 (Sept 13) 1924 Mann F C , and Bollman, J L The 
Relation of the Gallbladder to the Development of Jaundice Following Obstruc- 
tion of the Common Bile Duct, J Lab & Clin Med 10 540-543, 1925 
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destroyed, as there was no evidence of its accumulation in the tissues 
Kendall has shown that the closely allied phenolsulphonephthalein may 
be destroyed in this way We have found that phenoltetrachlorphthalein 
is rapidly destroyed when incubated with ground liver or muscle It is 
probable that a part of the phenoltetrachlorphthalein is destroyed in the 
body and that organs other than the liver may lemove some of the dye 
from the blood stream These factors are of minor importance, however, 
and do not militate against the use of the test, for the deviations from 
normal observed in animals with obstructive jaundice are characteristic 
and striking 

Following the production of biliaiy obstruction theie is a close paral- 
lelism in the changes in the phenol tetiachlorphthalein test and the 
increase in the serum bilirubin If the gallbladder is intact, a departure 
from the normal is not observed for a period of fiom fort} -eight to 
seventy-two hours Dye retention first appears with the development ol 
a bihrubinemia Thereafter the two tests show coi responding variations 
If the gallbladder is removed at the time the common duct is ligated, 
dye retention will appear within twent} -four hours, coinciding with the 
early development of jaundice in animals of this gioup The changes 
in the degree of dye retention during the initial period of obstiuction 
apparently are directly determined by the extent of the bile letention 
Since this is determined by the piesence or absence of the gallbladder, 
we believe that the concenti ating activit} of this organ has only an 
indirect effect on the excretion of the dye 

Following the operative lelief of the obstiuction and i eestabhshment 
of biliary drainage, there is a decrease in the amount of bilirubin in the 
serum and the degree of dye retention (Experiment 3) While the 
changes are not so striking as those seen clinically after the relief of 
common duct obstruction, they nevertheless seive to emphasize further 
the close correlation in jaundice between the degree of bile retention 
and the retention of phenoltetrachlorphthalein It is difficult to escape 
the conclusion that the two phenomena aie directly related, and that 
dye retention is an index to the toxic effect of the letamed bile 

Conclusions regarding the physiologic activity of the liver certainly 
should not be based solely on studies such as this The changes indicated 
by certain hepatic functional tests in expeiimental obstructive jaundice 
appear to be significant, especially since they are of aid in determining the 
relative value of the various tests under conti oiled conditions and 
furnish an experimental background for the interpretation of the devia- 
tions observed clinically 

25 Kendall, E C The Fate of Phenolsulphonephthalein When Injected 
Into the Animal Organism, Factors Other Than the Kidney Influencing Its 
“Retention”, Preliminary Report, J A M A 68 343-345 (Feb 3) 1917 
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SUMMARY 

A comparative study was made of certain tests for hepatic function 
in experimental obstiuctive jaundice The changes observed in animals 
with simple ligation of the common duct were contiasted with those 
observed m animals with cholecystectomy and ligation of the common 
duct In the presence of the gallbladder, the intoxication was less 
seveie and the onset of icteius delayed The development of jaundice 
did not cause changes in the blood sugar level during fasting, although 
fiuctose tolerance tests became positive, usually aftei the sixth day 
There was usually a fall in the blood uiea level, although teimmal renal 
insufficiency later caused an antemortem rise in the blood urea The 
seiuni bihiubin, determined by the quantitative method of van den 
Bergh, afforded a simple and accuiate means of studying the degree of 
bile retention and the pi ogress of the icterus The coagulation time of 
the blood was prolonged, although the fibrin content was increased and 
the serum calcium was not changed The phenoltetrachloi phthalem test 
in this condition showed dye letention m the blood stieam that closely 
paralleled the degiee of bile retention 
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Pbactical Lectures Delivered Under the Auspices or the Mldicai Society 
OF the County of Kings, Brooklyn, Nlw York (1923-1924 Scries) 
Pp 484, 135 illustrations Price, $5 50 New York Paul B Hocbcr, 1925 

The centennial of the Medical Society of the County of Kings, Brooklyn, 
New York, was marked by a series of public lectures on practical subjects for 
general practitioners These lectures on a wide variety of subjects make up the 
subject matter of this volume, which is profusely illustrated The lecturers were 
carefully selected and the lectures are of uniform evcellence 

Tumors or the Spinal Cord The Symitoms or Irritation and Compression 
or THE Spinal Cord and Nerve Roots Pathology, Symptomatology, 
Diagnosis and Treatment By Charles A Elsber, M D , Professor of 
Neurological Surgery, Columbia University, Consultant m Neurological 
Surgery, Presbyterian Hospital , Attending Surgeon, Mount Smai Hospital 
and Neurological Institute, New Y^'ork City Pp 421, with 354 illustrations 
Price, $10 00 New York Paul B Hoeber, 1925 

This IS a monograph along large lines Like those bv Cushing on “The 
Pituitary Body” and “Tumors of the Nervous Acusticus,” and by Frazier on 
“Surgery of the Spine and Spinal Cord,” it sets another landmark m the advanced 
development of neurosurgery m America The bulk of the book is made up of 
eighty-one case histones, arranged topographically and profusely illustrated with 
pictures of gross and microscopic lesions, sensory charts, roentgenograms and 
steps in the operative technic Then follow chapters discussing the symptoma- 
tology, cerebrospinal fluid changes, pathologv, diagnosis and treatment That a 
depository of special and highly technical data of this kind is useful to the 
internist is well stated in the following paragraph from the author’s preface 

‘To recognize that a pain m the chest is not due to intrathoracic disease but 
to a spinal root irritation, to distinguish between symptoms due to intra-abdominal 
disease and root symptoms due to spinal disease, to understand the true signifi- 
cance of a brachial, intercostal or sciatic neuralgia, may be difficult and may 
taK the diagnostic acumen of the physician The same statement' applies to the 
differentiation of the symptoms of primary disease of the bladder or prostate 
gland from the rectal and vesical disturbances that occur in spinal disease Not 
so rarely patients have been treated for long periods and been subjected to 
operatiY e interference for supposed mtra-abdominal or pelvic disease when the 
cause was m the spinal cord or ner\e roots” 

Recovery Ricord For Use in Tuberculosis By Geryld B Webb, MD, and 
Charles T Ryder, MD, Colorado School of Tuberculosis, Colorado Springs, 
Colo Second edition Pp 81, with 100 weeklj'^ record sheets Price, $2 00 
New York Paul B Hoeber, 1925 

This book was first published in 1923, and has been reviewed m this journal, 
this second edition is a first reprinting and not a revision, as stated by the 
publishers The book has been of great aid to convalescent tuberculous patients 
because of the sound advice given m language an average layman can understand, 
and because of the excellent weekly progress record sheets for the use of the 
patients attached 
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THE ACTION OF OILS IN THE PRODUCTION 

OF TUMORS 

WITH A DEFINITION OF THE CAUSE OF CANCER 
MONTROSE T BURROWS, AID 

AND 

CHARLES G JOHNSTON, AID 

ST LOUIS 

In 1906 B Fischer introduced drops of a satin ated solution of 
scliarlach r in olwe oil directly under the epidermis of the eais of 
rabbits He notes that the epithelial cells grew down to surround these 
oil droplets The histologic picture of this growth of the epithelial cells 
resembled epitheloid cancer in many cases, but these formations always 
ceased to proliferate and regressed after a time Remke introduced 
drops of ether into the eye of salamanders A grmvth of cells was 
induced by the presence of this substance He transplanted this new 
growth to the peritoneal cavity and found it continuing to proliferate for 
a time White succeeded m inducing epithelial activity with drops of 
oleic acid, and Strober and Wacker with Sudan HI, indol and skatol 
Bentlun used several such materials, and Bullock and Rohdenberg and 
others have tried the effect of introducing scharlach r into various 
internal organs In each instance these authors noted the same lesult an 
encompassing of the oil with cells, certain grades of degeneration and 
proliferation, then a giadual regression of the newly formed tissue 

While there seemed little doubt from these experiments, as Wacker 
and others have pointed out, that certain lipoid solvents may excite 
epithelial growth, there was no evidence that they could excite tiue 
cancer^ On the other hand, it had long been known that certain 
workers exposed continuously to the action of soot (chimney sweeps -) 
and the action of othei coal tar pioducts are particularly predisposed to 
develop cancers of the skin, and that these individuals develop their 
cancers in localities of the skin where the soot or other substances are 
present frequently ovei a long period of time Yamagiwa, appreciating 

'■From the Research Laboratories of the Barnard Free Skm and Cancer 
Hospital, and the Department of Surgery, Washington University Aledical School 

1 Ewing, J Neoplastic Diseases, Ed 2 Philadelphia, 1922 

2 Potts, P Surgical Observations, London, 1775 
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the significance of the observations of B Fischer and the relation of 
these observations to the development of cancer in coal tar workeis, 
noticed that the difference between the experiments performed and the 
development of cancers in men exposed to lipoid solvents is that the 
animals studied received only a single dose while the men developing 
cancer were often irritated lepeatedly by these substances for many 
years before their cancers appealed 

Yamagiwa and Ichikawa ® then undertook the study of the eftect 
of repeated applications of coal tar to certain lestncted aieas of the 
skin of the ears of rabbits They found a piling up and proliferation 
of the epithelial cells of the skin after each application Very laige 
papillomas developed in some instances In others the tissue not only 
suffered proliferation but also an associated degeneration and ulceiation 
after each application of the tar Eventually many of these tumors 
became cancels and metastasized Since that time many workers have 
succeeded in producing carcinomas by repeatedly painting coal tar on 
certain areas of the skin of lats and mice (Woglom and Mm ray, ^ 
Fibiger,^ Deelman,“ Lipschitz ^ and otheis) Other similar substances, 
such as Sudan III in olive oil and paraffin oil, have also given similar 
results How these substances act to produce this disease has not, how- 
ever, been fully explained Clowes ® suggested that these substances 
may act to initiate growth b} dissolving the hpoid membrane of the cell 
Bullock and Rohdenbei g thought that these substances acted to destroy 
the cells They noted that many cells coming in contact with the tar 
degenerated They considered that the growth followed this primal y 
death of the cells Champy has outlined a similar theory He con- 
cludes that the primary action of the tar is a desti uction of cells Othei 
cells then grow to leplace the defect from this loss of cells The cells 
thus continuously stimulated to regenerate finally acquiie the propeity 
of independent growth 


3 \ amaguva, K , and Ichikawa, K Experimental Studies on the Patho- 
genesis of Cancer, J Cancer Res 3 1 (Jan ) 1918 

4 Woglom W H , and Murray, J A Experimental Tar Cancer m Mice, 
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5 Fibiger, J Etat actuel des recherches sur la production experimentale 
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6 Deelman H T Ueber die Histogenesis des Teerkrebses, Ztschr f 
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Other authors have searched foi specific substances m the tar 
Several by-products of tar have been isolated and studied Kennavay 
states that isoprene causes cancers to develop more readily than coal 
tar Other substances also have been isolated and studied Ivennaway, 
in one of his analyses, finds that the viscid tar of horizontal letorts is 
more active than the tar distilled in vertical ones, and that certain 
by-products of tar are more active than others 

It must be pointed out here that the more recent and older ^^ork on 
cancer has shown that it may not only be induced by coal tar and other 
hpoid solvents, but also by a number of different conditions and sub- 
stances, such as roentgen rays, radium, certain animal parasites and 
bactena , that it may follow long standing chronic inflammation, atrophy 
from any cause, congenital tumor and defects, and probably in certain 
instances other injurious agents In many of these studies, it has also 
been shown that these substances are not responsible for the eventual 
course of this disease but are important only in inducing it Cancer is 
evidently not a disease to be classed with the infectious diseases but is 
an active, independent growth of body cells This piimary growth is 
the result of some primary change either in the cell or in the tissue which 
may be induced by any one of the various substances or conditions 
mentioned above When this change is once established, the cells then 
continue to grow indefinitely at the expense of the organism and inde- 
pendent of the causative agent While it is true that Yamagma and 
Ichikawa ® and later authors have shown quite definitely that coal tar 
repeatedly applied to areas of the skin will produce cancel, the cancers 
once induced have in each instance then proceeded independently of the 
tar Many of these have been transplanted repeatedly to other animals 
and have continued to grow activ'^ely long after the tai had com- 
pletely disappeared The same is true of the cancers induced by 
animal parasites Several years ago, Edwin Smith isolated a bac- 
terium, B tumef-aciens , from a cancerous growth in a plant This 
organism is easily cultivated in a nutrient medium and will induce can- 
cers when injected into other plants Recently, Blumenthal, Aulei and 

11 Kennawa}^ E L Cancer Producing Substances from Isoprene, T Path 
& Bacteriol 27 233 (July) 1924, On Cancer-Producing Tars and Tar-Fractions, 
J Indust Hygiene 5 462 (April) 1924 

12 Fibiger, K On Spiroptera Carcinomata and Their Relation to True 
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Bullock, F D , and Curtis, M R The Experimental Production of Sarcoma of 
the Liver of Rats, Tr New York Path Soc 20 149, 1920 

13 Burrows, M T Is Cancer a True Disease or Merelj the Result of a 
Change in the Organization of the Organism^ Radiology^ 4 407, 1925 

14 Smith, E F Studies on the Crown Gall of Plants, Its Relation to 
Human Cancer, J Cancer Res 1 231 (April) 1916 
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Paula Me}er^® and Nuztim^'* have isolated several organisms from 
human cancers One of the organisms isolated by the German authors 
resembled B tnmefaciens Others were cocci They found B tnrne- 
faciens capable of inducing cancers in both plants and lower animals 
The other organisms they have isolated have produced cancers in lowei 
animals 

All malignant tumois do not contain such organisms Even the 
most malignant tumors are often free from them We have sought in 
A am to demonstrate bacteria in a rat sarcoma now being propagated in 
the laboratory Jensen, in studying the plant cancers induced by 
B tnmefaaens, has found that the bacteria are probably unimportant 
in doing more than inducing the cancer as coal tar, the i oentgen ray and 
ladium induce it He found that these bacteria may disappear in these 
tumors aftei a time although the tumor itself may be growing as actively 
as before There is no evidence that the growth of the cancer induced 
by the action of roentgen ray and radium is due to the continuous 
action of the rays but to changes in the cells or tissues primarily induced 
by them The same is true for the cancers of the stomach induced by 
the spiroptera and the sarcomas noted by Bullock and Curtis to 
foim about the larva of the cat tapeworm in the liver of rats The 
cancers proceed but these organisms always disappear 

The problem to be solved in the study of the action of coal tar and 
other lipoid solvents on the tissue is the nature of this change induced 
either in the cell or in the environment that allows the cells to grow 
independently This problem cannot be solved through a study of the 
physical and chemical pioperties of these hpoid solvents alone, but will 
become understood onlj through a broadening of our knowledge of 
those general conditions which control cellular activity in the normal 
organism The organism is a mass of cells It has come about through 
a definitel)' regulated growth of the egg cell and the formation of the 
different t>pes of cells This organism matures and functions through 
a gradual change in the cells so that they use their energy for function 
rather than for growth This organism maintains itself for a given 
period of time in that enough energy is used for growth to take care 
of the destruction suffered by the cells in their function 

There has never been any evidence to show, however, that the func- 
tioning body cells ma} not under the proper conditions utilize their 

H Blumenthal, Ferdinand, Auler, H, and Meyer, Paula Ueber das Vor- 
kornmen Neoplastischer Baktenen in Menschlichen Krebsgeschwulsten, Ztschr 
f Krebsforsch 21 26, 1924 

16 Nuzum, J W Experimental Primary Epithelioma from Micrococcus, 
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entire eneigy foi growth It is evident that in such a colony of cells 
as the body of man, in which the cells as a mass are using their energy 
for function, if one cell breaks away fiom the conditions that foice it 
to function and acquires the property of independent growth, it must 
soon destioy its neighbors weakened by their functional bin dens 
These lecent researches have, theiefore made the study of the 
action of oils in the production of cancer and the whole cancer problem 
one of the most fascinating and most hopeful foi the development of 
broad biologic generalizations The cancer problem as it is known 
today deals with those fundamental piocesses which regulate the 
normal giowth, function and death of the organism 

Many of the eailier authors had already appreciated that cancer is 
an independent growth of body cells, a parasitism of one cell or a 
group of cells on their neighbors forced to work for the whole lathei 
than acquiie nutiition and use it for their own development In 
attempting to explain it as such, certain of these writers thought that 
the control exercised by the whole over the growth and function of the 
cells was associated with permanent irreversible age changes in the 
physical and chemical structure of the cell They looked, therefore, at 
the cancer cell as a cell that had become changed It is a specially 
differentiated cell The cancer cell arising fioni the skin epithelium 
differs from the skin in the same general manner as the skin epithelial 
cells differ from the muscle cells 

There was another group of authors among whom Ribbert was 
preeminent, who took quite a different view They looked at the active 
growth in cancer as the result of primary changes in the enviioninent 
about the cells rather than in the cell itself Ribbeit based his argument 
on the fact that there is no evidence that the cells of the body lose 
their power to grow during development or m later life That wounds 
heal readily in old persons and that the tissues of these old persons 
may regenerate prove this fact conclusively The stopping of growth 
at maturity is the result of the acquired organization of the whole oi 
the envnonment about the cells, and is not due to any irieveisible age 
change in the cell 

In further proof for this deduction came the experiments of 
Dnesch,2i those of many other students of development, and the 
more careful analysis of the peculiarities of the cancer cells on which 
the adherents to the idea of a specially differentiated cancer cell clung 
Driesch had noted that when a sea urchin gastrula is bisected, each 
half will legenerate into a complete sea urchin embryo and adult These 

20 Ribbert, H Das Karzinom des Menchen, sein Bau, sein Wachstum, 
seme Entstehung, Bonn, 1911 

21 Driesch, H Die Localization morphogenetischer Vorgange, Arch f 
Entwcklngsmechn d Organ 8 35, 1899 
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bisected halves do not begin to grow at once, however, but only after 
each has reformed by a shifting of cells into a perfect gastrula of one- 
half the normal size The embryonal cells of the gastrula do not grow 
under all conditions When the gastiula is bisected, they show only 
migration Only when a special form is obtained in the whole does the 
growth of the cells again intervene Again many students of cellular 
growth and cell division have shown that these acts may be initiated 
by outside means or by changing the environment, and that they are 
controlled definitely by the environment and not by the cell in the 
normal organism 

The chief arguments that the cancer cell is dififerent from the nor- 
mal cell are that it has a dififerent shape, it grows independently, it 
stains differently, its mitotic figures may be irregular and it may contain 
inclusions Each one of these peculiarities has now been shown to 
be easily repioduced by simply changing the environment about any 
normal cell The body cell is a fluid system that can be easily molded 
Its shape is determined entirely by its outside contacts Anj normal 
cell growing in the proper environment may take up foreign matter, 
may divide irregularly as cancer cells divide, and may stain as cancer 
cells stain Wilson has shown that a substance that induces the unfei- 
tihzed egg to develop normally will induce abnormal mitosis in eggs 
if allowed to act too long or in too great concentrations 

While Ribbert and the schools proceeding and following him were 
unable to ascertain the nature of the environment suitable for cells to 
grow independently, the weight of evidence has always been with them 
in spite of the fact that a large majority of workers in this field ha^e 
taken the other view This flocking of the largei school to the 
standards of a dififerent type of cells in cancer has not been, evidently, 
from an analysis of the facts at hand, but from the greater influence 
of men like Cohnheim and other leaders in pathology The embryonal 
theory of cancer was apparently too fascinating They refused to 
leave it and admit that cancer cells arising from the epidermis are 
nothing more than independently growing epidermal cells 

It remained, therefore, to find some means to isolate normal living 
body cells and study their habits in various kinds of environments 
Reverdm had shown that small pieces of skin removed to a wounded 
surface grow and later attach themselves to the normal organism and aid 

22 Wilson, E B The Cell m Development and Heredity, Ed 3, New 
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in covering the defect Hertzler studied these skin grafts caiefully to 
find that they take only when they are placed on a surface covered with 
a layer of clean fibrinous exudate They glow into this exudate to make 
firm union with the body latei In 1905 Harrison had noted that when 
the neural tube of young frog embryos is placed in a thin layer of lymph 
on the surface of a cover glass in a moist air chamber that the cells 
migiate and nerve fibrils grow from them into the clotted lymph No 
actual growth of cells was noted, however, m these cultures by 
Harrison 

The senior author, having the oppoitunity to work with Dr Hertzlei 
while he was performing his experiments on the healing of wounds 
in the peritoneum and skin grafting, appreciated at a latter date that 
the cells which grow fiist from the Reverdin skin grafts, grow quite 
independently of the body Hertzler found that these grafts take only 
when the wound is covered by a layer of fibrin In many such cases 
the grafts are separated from the underlying blood vessels by this 
fibrinous layer Since substance diffuses poorly into such fibrinous 
layers, the cells migrating into the exudate from these fragments 
must be cut off largely from the body These cells should grow readily, 
therefore, when removed to a layer of fibrinous exudate outside 
the body In the summer of 1910, under a grant by the Rocke- 
feller Institute, the senior author commenced to study the cultures of 
Harrison in his laboratory and attempted to develop a method for 
cultivating the tissues of higher animals Blood plasma was first sub- 
stituted for the lymph used by Hariison In thin layers of plasma 
suspended from a cover glass into a small moist air chamber, the cells 
were found to grow readily and actively in many cultures of frag- 
ments of chick embryos These cells, it was interesting to note, did 
not grow in every culture of fragments of the same tissue placed m 
layers of the same medium, and where growth intervened the cells 
did not tend to arrange themselves into organ structures peculiar to 
their growth in the body, but they invaded the medium along the lines 
of least resistance, exactly as cancer cells grow and invade the organ- 
ism It seemed evident, therefore, that the secrets of the problem of 
cancer lay hidden in the conditions that allowed these cells to grow 
in this fashion m these cultures, or in the environment that the cultures 
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imposed on them One year later, tins author then undertook in the 
Anatomical Laboratory of Cornell University Medical College, New 
York City, the problem of the conditions that allowed these cells to 
grow in the cultuies The medium chosen for this study was plasma 
prepared from the blood of healthy animals The plasma was selected 
as medium because it represented a normal fluid existing everywhere 
in the normal organism Theie was no evidence to show that cancer 
developed necessarily in an abnoimal organism In fact, transplanted 
cancer fragments glow best in young, healthy animals 

This study showed that in plasma this active independent growth 
of cells depends on three factors (1) an ample supply of oxygen 
(which IS about one third of the oxj^gen concentration of the air “®) , (2) 
a crowding together of the cells in a minimum amount of medium, and 
(3) a stagnation of this medium These factors applied not only for 
the giowth of nojmol cells, but also fo} the growth of cancet cells tn 
viti 0 (animal and human cancel, carcinomas and sarcomas) 

Single cells carefull}^ washed of tissue juices will not grow and 
often fail to show any reaction whatsoever when placed in a layer of 
pure plasma diluted with salt solution On the other hand, if a salt 
solution extract of any actively growing tissue is added to the plasma, 
then single cells show immediate activity They migrate, take up fats 
and proteins, digest these substances, grow actively and divide by 
mitosis 

In pure plasma, such an active growth will take place only about 
fragments of tissue About these fragments, it is proportional to the 
age of the tissue, to the size of the fragment and cell density of the frag- 
ment and inversely proportional to the thickness of the layer of medium 
or the amount of absorbing medium about the cells These proportions 
in relation to the size of the fragment and the thickness of the layer of 
medium hold only within limits of active diffusion of oxygen These 
diffusion limits were measured and found to be from 1 to 2 mm foi 
most tissue fragments and from 0 5 to 0 7 mm foi clotted plasma or 
serum About fragiuents of tissue larger than from 1 to 2 mm in 
diameter, the growth is inhibited by a lack of oxygen to their cential 
parts and toxic products liberated by the autolysis that results Definite 
abnormal reactions are noted in cells in the deeper parts of layers of 
plasma thicker than 0 5 to 0 7 mm 

The relation of the size of the fragments and the thickness of the 
layer of medium was studied in fragments of tissue ranging from 
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1 mm m diameter to a single cell, and in Ia 3 'eis of plasma ranging fiom 

0 2 to 0 7 mm m thickness In this study it was noted that while 
giowth will obtain about fiagmeiits of a given tissue 1 mm in diameter 
in a layei of medium 0 5 mm thick, it will fail about a 0 5 mm thick 
fiagment of the same tissue in the same thickness of the layer of medium, 
but succeed about this smaller fragment (0 5 mm thick fragment) in a 
thinnei layei of plasma medium, 0 25 mm thick 

Under these conditions of the pioper thickness of the layei of 
medium and the proper size and cell density of the fragment, it is intei- 
esting to note that giowth does not begin at once, but always aftei a 
given latent peiiod This latent period is shortest about the cellulai 
fiagment of actively gi owing tissues of young embryos and cancel It 
mci eases m length about similar fiagments of oldei and oldei embiyos 
and is longest about the less cellular, nongrowing fiagments of the adult 

As shown in anotliei aiticle^^ this difteience in the latent period is 
not related to the age of the tissue in these cases, but to then immedi- 
ate giowth late It is much shortei foi the cells of a piece of growing 
granulation tissue than foi those of the normal connective tissue and 
shortei foi the cells of an actively gi owing cancer than for those of 
a slowei growing one 

It must be pointed out heie that not only the growth of the cells is 
dependent on a propei supply of oxygen, stagnation, cell ciowdmg and 
a propel minimum amount of medium, but all activity m these cells is 
dependent on these conditions The cells in a cellulai fiagment of tissue 
first show migration, then giowth and finally a complete dismtegiation 

01 self-digestion These various changes take place in regulai 
sequence Growth is only one phase of a geneial change induced in 
them by their environmental surrounding in the cultuie Each of these 
changes begins in the cells of the center of the fiagment It then 
spieads from this point to involve moie and more of the cells toward the 
periphery The cells in a 1 mm thick fiagment of mesenchyme of a 
young embiyo placed in a la}er of plasma 0 5 mm thick show all of 
these changes As one decreases the size of such fragments, leaiing 
othei conditions unchanged, the amount of each of these changes not 
only decreases, but they begin to disappear in the leveise ordei in which 
they appealed about the laigei fiagments In a cultuie of a medium 
size fiagment self-digestion disappeais except in the cells in the center 
of the fragment and giowth becomes lery limited In still smallei 
fragments migiation alone is observed The cells in the latter cases do 

30 This digestion of cells has been called self-digestion to distinguish it from 
autolysis It is a digestion that takes place m the presence of oxygen and does 
not liberate toxic products Autolysis, as the word is used, is a digestion taking 
place in the absence of oxygen Toxic products are liberated in the autoljsis 
of cells 
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not disintegrate, but aftei becoming sufficiently separated they come to 
a state of complete inactivity In this state they remain intact but 
inactive until destroyed by outside means The cells in fragments of 
mesenchyme of oldei embryos and of the connective tissue of adults 
behave in the same manner The cells in the spaisely cellular fiagments 
show only migration and then inactivity In the more cellular fragments 
growth and self -digestion intervene m proportion to the cell density of 
the fragments The chief difference between thec>e fragments of the 
older tissues and the more actively growing ones is that these changes 
take place after a much longer latent period 

From these observations it became evident that the life of these 
cells IS something that is determined by their immediate surroundings 
It IS the result of a reaction between them and their environment It 
has been taught that body cells are continuously active Bayhss points 
out that there is no evidence foi this view 

These cells which had migrated from the fragment and come to rest 
apparently disproved it Seveial such cultures have been kept in the 
presence of an ample supply of oxygen and m the incubator for as long 
as six months After fourteen days the cells became inactive and 
remained so for the remainder of this entire period They showed 
no changes in shape nor changes in their protoplasm The fat droplets 
and others contained bodies that remained undisturbed m them duiing 
this time At the end of this period these cells were found able to 
become active again They migrated and grew when placed in drops of 
fresh plasma 

The picture of life in these cells isolated from the body assumes, 
therefore, proportions of much greater simplicity than had been gener- 
ally suspected from a study of them in the body While previous 
students of regeneration had appreciated that growth is regulated by 
factors other than food and oxygen, the nature of these othei factors 
and their significance seemed impossible until we had found a method 
for isolating these cells and studying them under known and controll- 
able conditions Summing up the foregoing conditions necessary for 
their cellular activity in the cultuie, it became evident that they may 
signify that activity in these cells is dependent on the accumulation of 
some substance or substances formed by the cells but also readily dif- 
fusible into plasma They also indicate that migiation, growth and 
self-digestion may be merely the result of different concentrations of 
this substance or substances Cells showing only migration and then 
complete inactivity had been seen only in culture of the moie sparsely 
cellular fragments of tissue of older embryos and adults Growth and 

31 Ba\liss, W M The Principles of General Physiology, London, 1915 
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self-digestion aie peculiar to the moie cellular fragments of enibnomc 
mesenchyme and cancer When a large number of cells are ciowded 
into a small amount of medium, all phenomena proceed When few 
cells aie placed in a relatively large amount of medium, the cells ma} 
become inactive after showing only migration 

An attempt was made, therefoie, to ascertain whethei such a sub- 
stance or substances accumulated m these tissues during the latent 
period and accounted for the activities noted m the cells Fiesh frag- 
ments of actively growing tissue of embryos and cancer and slowei 
growing tissues of older embiyos and adults weie exti acted with an 
equal weight of isotonic sodium chlorid solution, and the extracts tested 
by placing equal parts with equal paits of plasma The mixture was 
used as medium for isolated embryonic heart muscle and mesenchyme 
cells Fragments of the same tissue left in a culture for from foity- 
eight to 128 hours were also exti acted and the extracts tested m the 
same mannei In the presence of the exti acts of the fresh tissues of 
the older embryms and adults, the isolated cells suftered little oi no 
change, while the extracts of similai fragments left m the stagnant 
cultures for seveial days stimulated an active migration, giowth and in 
some instances self-digestion m these isolated cells Extracts of fresh 
tissue of the younger embryos and cancer stimulated immediate activiti 
m these cells 

The cells of the more inactively growing tissues lying m the stagnant 
culture had evidently accumulated a definitely active substance 
Extracts containing this active substance, S, weie then caiefullv studied 
In low dilutions (5^), they were found to have no effect In medium 
concentrations (5~), they stimulated the cells to migiate and engoige 
themselves with jDarticles of proteins and fat droplets In high concen- 
trations (5^), these cells digested these proteins and fats, grew actively 
and divided by mitosis In all higher concentiations (5''*), the cells 
suffered a self-digestion 

The picture of migration followed by growth and then self- 
digestion was only the result of a gradual accumulation of the S in 
the stagnant layers of plasma A few cells had failed to grow m the 
thicker layers of medium because the propel concentration of the 
S could not be formed and retained by them It is soluble m the salt 
solution and diffuses away into the plasmatic medium A few cells 
cannot supply a large enough quantity'' of this substance to raise its con- 
centration to the growing point in a large bulk of medium About the 
less cellulai fragments placed in a relatively large bulk of medium, the 
cells come quickly to rest because the diffusing vS" comes quickly to a 
concentration too little for any kind of cell activity The cells cannot 
retain this substance Its concentration is determined not only by the 
amount formed by the cells but also by the amount lemoved by the 
medium 
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On account of these facts this substance or substances, S, has been 
named the aichnsta, the driving substance of the cell It is evidently 
the energy for life in the cell In studying its formation it was found 
that it IS formed only in the presence of oxygen and certain food 
materials, not detenmned, but easily exhausted from a drop of 
plasma and renewed by adding fresh plasma or serum Again, it was 
noticed that when it is present in the medium, the cells will react nor- 
mally without oxygen until it is exhausted They then suffer autolysis 
It is the only substance in the cell whose formation demands oxygen 
In Its presence digestion and synthesis proceed without oxygen 

The condition necessary for growth in the body cells is probably not 
different, therefore, from that noted by Wildiers for yeast Single yeast 
cells will not grow in a large bulk of medium unless an extract of yeast is 
added, while a number of yeast cells added to the same quantity of 
medium begin to grow very actively after a latent period Wildiers 
noted that this failure for the single cell to grow is due to the absence 
of a substance, bios, which is contained in the extracts of yeast and 
appears m the wine casks when a sufficient number of yeast cells are 
added 

In the more careful analysis of this phenomenon discovered in body 
cells, the active substance, the archusia -(5'), has been found to be 
formed by the oxidation of food substances by the cell and shown to act 
to produce the manifestations of life in the cell, and to act according to 
Its concentration to produce these different manifestations It is evi- 
dently comparable, therefore, to the heat in the steam engine The heat 
acts in the engine to produce work in proportion to its concentration 
The archusia differs from the heat only in that it induces chemical 
changes in the cell rather than purely physical ones 

In the engine, it is well known that the woik performed is as much 
dependent on the heat conserved for the watei as the heat produced in 
the fire box Take off the heat jacket of the boiler so that the heat may 
escape to the outside, the engine stops It is interesting to note that the 
same holds for the cells The body cell has lost or has failed to develop 
means to retain its energy, the archusia This escapes fiom it or is 
not formed by it except when it is placed in a stagnant environ- 
ment rich in food and oxygen, and in association with othei cells 
also forming it In recent jeais a great amount of study has been 
devoted to determining the amount of oxygen adsorbed m the body and 
the carbon dioxid and water eliminated It is interesting that these 
studies have yielded little of immediate practical importance From the 

34 Burrows, M T The Reserve Energy of Actively Growing Embryonic 
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studies cited above, it becomes evident that the activity of the body is 
not alone dependent on the energy produced but also on the energy 
conserved 

FUNCTION AND DEVELOPMENT OF DIFFERENT TYPES 
OF CELLS OF BODY 

In the first cultures of chick embryos, active rhythmic contraction of 
the heart muscle cells was also observed in the fragments and whole 
hearts transplanted to the cultures It was interesting to note that 
these heart muscle cells which had been contracting in the fragment 
lost this ability to contract as they migrated from the fragment into the 
medium of most cultures In the medium they assumed the shape, grew 
and divided like simple mesenchyme or sarcoma cells It became evi- 
dent, therefore, at this early time that whether these cells are to grow, 
divide and invade the medium or contract rhythmically depends prob- 
ably on their immediate surroundings In these cultures of embryonic 
tissue, it was interesting to note, however, that their tendency was to 
revert from a functional to a growing state Only the cells m the moi e 
central regions of the fragments continued to contract, while those in 
the periphery stopped this act and invaded the medium as fast as the 
cells outside them moved away 

The cells in fragments of embryonic stiiated muscle from the limbs 
and back also contract rhythmically in the cultures The contrac- 
tions are exactly like those of the heait muscle These muscle cells m 
contact with the medium also quickly i evert to cells indistinguishable 
from the simple mesenchyme or sarcoma cells Under proper conditions 
they may grow actively and divide by mitosis, or they may migrate as 
long spindle shaped cells or spread from the tissue as an open syncytial 
network 

While in the great majority of cultures, there is no tendency foi these 
cells which migrate from the fragment to revert and develop function 
again, in an article®’’ published m 1912 , one cell and an open syncytium 
were noted to undergo this change Since that time eight more such 
isolated conti acting cells and contracting syncytia of cells have been 
observed in eight cultures out of several thousand studied with this 
and other ends in view These cells when cut from the cii dilation of 
the body and placed in the stagnant culture accumulate archusia about 
them and thus tend always to revert to a state of growth rather than 
function 

36 Burrows, M T An Attempted Anahsis of Growth, Anat Rec 9, 
Paper 11, 1915 , The Tissue Culture in Cancer, Tr Second Pan Am Sc Cong 
Washington, Section 8, Part 2, p 494, 1915 

37 Burrows, T Rhythmische Kontraktionen der isolierten Hertrmuskel- 
zelle ausserhalb des Organismus, Munchen med Wchnschr , No 27, p 1, 1912, 
Science 36 90, 1912 
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In the cultures where one places a fragment of embryonic muscle 
tissue from 0 5 to 1 mm thick, the central parts of these fragments 
suffer a self-digestion from an overabundance of the archusia A 
liquid substance is liberated by this digestion This liquid flows out 
over the surface of the layer of medium to form a tough film This 
film is not only rich in food mateiial but also in archusia The heart 
muscle cells entering it flatten out to take an otheiwise spindle or irregu- 
lar shape, grow actively and divide by mitosis The fragment is also 
rich m accumulated archusia at this state 

Noting the latter facts, it had become of interest to see if the environ- 
ment played any role m determining this ihythm in such isolated rhyth- 
mically contracting cells While it is true that much has been written 
about the mechanism of muscular conti action, nothing is known except 
certain isolated facts 

1 Berstein noted several years ago that the eneigy of muscular con- 
traction has a negative lather than a positive temperature coefficient 
Only surface energy can ha\e a negative coefficienr m muscle 

2 Fletcher and Hopkins had noted that lactic acid is liberated at the 
contraction phase and that oxygen is absorbed only during relaxation 

3 Electrical responses to conti action and the heat changes in muscle 
have also been carefully measured 

It was interesting in obsei i ing these contracting heart muscle cells to 
note that they occupied a peculiar position in the medium They were not 
at the surface of the medium nor m the clot but stretched through a 
serum cavity between the fragment or the surface film and the ends of the 
bands of fibrin One end of these cells was in contact with an area 
rich in archusia , the othei end was m contact with bands of fibrin 
extending into the open medium In this medium the aichusia diffuses 
readily This end in contact with the fibrin must have a very low 
archusia value 

These cells had gained this position through adhering to the clot, 
which had loosened from other parts of the side of the fragment and 
contracted away from it They had thus become stretched between 
the fragment and the clot In other cultures isolated cells were dragged 
out by the same means so that they became stretched between the 
surface film and the ends of fibrin fibrilh in the clot 

In studying the action of archusia on the cells, it was found that it 
acts to liberate another substance, the <?; gusia This substance decreases 
the surface tension of cells Such a decrease in surface tension is associ- 
ated with electrical changes This decrease in surface tension causes the 

38 Burrows, M T , Burns, J E, and Suzuki, Y Studies on the Growth 
of Cells The Cultivation of Bladder and Prostatic Tumors Outside the Body, 
J Urol 1 3 (Feb) 1917 
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cell to stretch in the direction of its lowest surface tension In these cells 
this decrease in surface tension can take place only at the end of the cell 
in contact with the fragment or the surface film Under the influence of 
this decrease in surface tension at one end, these cells must suffer one of 
three kind of changes (1) a breaking loose from the fibrin, (2) a 
tearing of the cell in the middle, or (3) a breaking down of the surface 
tension lowering substance or the substance that adsorbs it In the 
great majority of cultures m which fibrin contracts as described above, 
the cell quickly breaks loose from the clot None of them break m the 
middle In a few out of the several thousand rhythmicity resulted 
These cells contract as the result of a periodic reduction m their surface 
tension followed in each instance by a breakdown of this surface tension 
lowering substance or the substance adsorbing it Lactic acid is lilier- 
ated Lactic acid increases the surface tension of the cell or makes it 
shorten The ergusia reforming decreases the surface tension or makes 
the cell lengthen Such a breakdown is associated with an electric cur- 
rent passing from one end of the cell to the other It will result always 
when any simple system like these cells is polaiized as the contracting 
heart muscle cells were found to be polarized 

On several occasions such contracting cells were removed from this 
position to the serum In the serum they became spherical in shape 
and inactive The same cells removed to the surface film stretch out 
to take a flattened spindle or irregular shape, grow and divide and look 
like sarcoma cells Others were placed in the fibrin outside They 
remained inactive oi stretched out along the fibrin fibrilli and became 
inactive 

It was thus possible to show absolutely that function and growth in 
these heart muscle cells are determined by the environment and not by 
the cell They are reversible phenomena The change of a cell fiom 
the state of active function in the normal organism to the growth 
observed in cancer must be a normal reaction of the cell to a changing 
environment Ribbert’s contention had thus been realized 

While it was thus possible by means of the tissue culture to trans- 
form a functioning cell to a growing cell and vice versa, it has not been 
possible to transform a connective tissue cell into a muscle cell or an 
epithelial cell into any other type of cell These cell types are deter- 
mined by some stable internal mechanism m the cell This fact one 
might have readily deduced from the study of cancer, however There 
IS no evidence that a cancer cell is other than the growing connectue 
tissue or epithelial cell from which it arose Teratomas develop only 
from egg cells The egg cell can give rise only to multiple cell types A 

39 Burrows, M T A Note on the Mechanism of Heart Muscle Contraction, 
Am J Physiol 45 556, 1917 
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growing smooth muscle or striated muscle cell resembles growing con- 
nective tissue cells 

There is no evidence, as many recent authors have attempted to show, 
that the cancer cell is a specially differentiated cell, nor is there any 
evidence in the whole of embryology or experimental biology that such 
a cell may arise On the other hand, it can be fully proved by the tissue 
culture that any cell may grow if given the proper surroundings and this 
growth may be independent These surroundings are simply those 
which allow a certain high concentration of their archusia to accumulate 
about them This archusia may be supplied from without or by the cells 
themselves when they are crowded into sufficiently narrow stagnant 
confines Under the latter conditions, the growth of body cells becomes 
wholly independent This is cancer When supplied from other sources, 
their growth becomes dependent on the supply 

Function on the other hand comes into existence when the cell is so 
placed that the archusia remains m concentration only at one end The 
type of function is determined by the more fundamental constitution of 
the cells in question Connective tissue cells and epithelial cells stretched 
as the heart and striated muscle cells were stretched (described above), 
do not contract rhythmically Smooth muscle cells so stretched contract 
rhythmically, but their contractions are not like the heart muscle and 
striated muscle cells, short and rapid, but are slow They are exactly 
like the contraction peculiar to smooth muscle in the body 

In the body all functional cells have this arrangement The nerve 
fibers are stretched between the dense brain tissue and an end organ 
The gland cells are in contact AVith an active blood circulation on one 
side and a stagnant gland tube on the other The archusia is washed 
away by the blood stream from their outer ends and accumulates at their 
inner ends Functioning glands and nerves show electrical changes as 
muscle shows these changes While their function is different from 
that of the muscle cell, it is determined by the same organization and is 
evidently the result of an explosive breakdown of a polarized system 
It differs from the muscle because of a different physical chemical 
make-up m the epithelial and other cells 

In the culture function had been forced on the heart muscle cells 
through a contraction of the clot away from the fragment In the 
body the cells are forced to function through the development of 
intercellular tissue and blood vessels In further proof for these deduc- 
tions, it IS noted that epithelial cells from glands of the body revert m 
the cultures to broad sheets of migrating and growing cells Champy 
found that if connective tissue is added to such culture the epithelial 

40 Champj, C La presence d’un tissue antagoniste maintient la differen- 
tiation d’un tissu cultive en debois de Torganisme (Note preliminaire), Comp 
rend Soc de biol 76 30, 1914 
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cells are forced to fomi tubular structures again Drew has confirmed 
these observations of Chanipy 

CONDITIONS REGULATING GROWTH IN THE BODY 

In the light of these facts, growth and function m the bod} take on 
quite different aspects Function is something peculiar to an active 
circulation in properly arianged blood vessels Growth is something 
peculiar to stagnant crowded cell aieas ^^here the circulation is poor 
In this regard body cells are not diffeient from any of the simple 
unicellulai organisms It is in the stagnant pool and not in the running 
stream that such life abounds ^\'lldIers had found that the growth of 
yeast depends on conditions identical with those outlined above for the 
growth of body cells In 1923 experiments with a culture chamber 
which allow^ed the tissue to be w^ashed continuous!} with a stream of 
serum w^ere described In these experiments it was found that w^ashing 
preAents the growdh of heart muscle cells but accelerates and makes 
their rh}*thmical contractions regular and forcible ■*“ 

In the development of the animal body, it is interesting to note that 
grow'th IS most active at the beginning It wanes and is replaced b} 
function as the blood -vascular s}stem develops At maturity growth 
ceases except as it is necessary for repair, regeneration and in certain 
parts, such as, the nails, hair, sex glands and bone marrow 

Areas undergoing repair and various of the more permanently grow- 
ing regions and cancerous tissues have been studied In the w'ound, 
growth does not intervene alone at its edge but throughout the wnde 
area of tissue behind its edge, w^hich is suffering from the inflamma- 
tory slowung of the circulation This growdh behind the edge of the 
wmund is proportional to the amount of congestion and slowing of the 
circulation In the wound the greatest grow^th takes place in the stag- 
nant wound areas where the blood vessels have been completely 
destroyed 

The distal end of the growing nail bed has a greatly reduced circula- 
tion This area is supplied by a single layer of large sinusoids These 
sinusoids are larger than the vessels wdnch fill and empty them The 
bone marrow^ has the same sluggish sinusoidal circulation The grow th 
in the sex gland is inside the tubules and follicles far removed from the 
blood vessels Cancer is a densely cellular tissue supplied by irregular 
tortuous vessels few in number per unit cell area or by large dilated 

41 Drew, A H Growth and Differentiation in Tissue Cultures, Brit J 
Exper Path 4 46 (April) 1923 

42 Burrows, M T Studies on Cancer, 4 papers, Proc Soc Exper Biol & 
Ivied 21 94, 1923 

43 Burrows, M T Studies on Wound Healing I, “First Intention” Heal- 
ing of Open Wounds and the Nature of the Growth Stimulus in the Wound and 
Cancer, J M Res 44 615 (Sept) 1924 
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sinusoids These vessels are being continuously destroyed in its more 
central parts Hemorrhage and necrosis are the result 

In the light of these facts it became evident, therefore, that cancer 
may be nothing more than the result of any substance or condition that 
can primarily build m the organism a dense mass of cells having a rela- 
tively poor blood supply Cancer is only such a tissue oiganization It 
IS not a primary change in the cell 

The proof for this deduction lay in showing that such an organiza- 
tion once induced can reproduce itself and destroy the organism and 
that the substance or conditions, such as coal tar, which induce it, act 
only to produce such an organization 

In a previous article,^^ one of us has already discussed and given 
proof that such an organization once established preys on and destroys 
the surrounding less crowded and more vascular normal tissue All 
these normally arranged cells are attacked alike, including the endo- 
thelial cells of the blood vessels A mass of cells thus sufficiently 
crowded and stagnant not only reproduces itself through a giowth of 
its cells but also the environment suitable for a continuation of this 
growth by its continuous destruction of its own vascular supply and 
that of the tissues about it This destruction of the blood vessels is 
greatest in the tumor The central parts of these tumors suffer necrosis 
The peripheral parts receiving sufficient oxygen continue to grow 
actively 

This attaching of a less dense mass of cells by another denser mass 
was first noted in a study of the behavior of fragments of normal skin 
of embryos of various ages in the cultures In the early embryonic life, 
the epidermis is a single or a double layer of cells The underlying 
connective tissue or mesenchyme is a densely cellular layer As develop- 
ment proceeds in the embryo, the epidermis gradually becomes a thick 
cellular layer while the mesenchyme cells cease to multiply at an early 
time This layer expands rather by the laying down of intercellular 
substances, the connective tissue fibrils When this laying down of 
fibrils between the mesenchyme cells takes place, they become widely 
separated so that the number of cells per unit area in this layer becomes 
only a fraction of their original value When fragments of the skin 
of the younger embryos are cut from their circulation and placed in the 
cultures, the mesenchyme cells groAv most actively and destroy and 
devour the protoplasm of the cells of the less cellular epithelial layer 
About fragments of older and older embryos, the activity of the mesen- 
chyme wanes in the cultures and the epithelial layer becomes more and 
more active to dominate completely about the fragments of older 

44 Burrows (Footnotes 13, 42 and 43) , Factors Regulating Cellular Growth 
and Their Importance in the Explanation of Cancer, South M J 17 233 (April) 
1924 
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embiyos, as the mesenchyme had dominated in the eaiher period These 
active epithelial cells then destroy the cells in the less densely cellular 
connective tissue aiea This giowth of densely cellular layers can be 
gi eatly facilitated by adding embi yonic extracts to the plasma 

Epithelial cells, as Fischei has shown, do not glow readily in the 
cultuies unless these embryonic extiacts aie added to the medium 
Barta has caiefully studied the behavior of epithelial cells in fiag- 
ments of the uietei of young rats The ureters of rats are small One 
millimeter fiagments of the whole cross section can thus be placed in 
the cultuie without destioymg the oxygen supply to all parts of this 
fragment In a medium containing embryonic extracts, he found that 
the epithelial cells giew actively to invade the connective tissue and fat 
of the adventitia in a manner typical of true cancel These growing 
cells reduced the muscle, blood vessels and connective tissue to a 
hyaline mass and destioyed the fat tissue Their invading epithelial 
cells contained mitoses, irregular, laige multmuclear cells, and weie in 
eveiy way identical with cancer 

Maximow has found the same phenomena m fragments of breast 
planted in a medium containing extracts of bone marrow Burrows 
had noted a saicomatous ovei growth of the mesenchyme m embi yonic 
fragments placed in puie plasma and the phenomena greatly exaggerated 
in a culture of these tissues into which an extract of embryos or cancer 
tissue is added A few of these fragments transplanted into the subcu- 
taneous tissue of an adult lat developed into tine sarcoma 

Buriows has also found that this dominance of a more cellular and 
less vascular layer over a moie vascular and less cellular layer occuis 
in wounds as well as m the tissue culture and in cancers When the 
wound is open and suffeiing a congestion and slowing of its ciiculation, 
the gianulation tissue glows actively in aieas removed from the oiigin- 
ally more densely cellular epidermis As the epidermis moves m over 
the wound and the circulation is reestablished m the granulating aiea, 
giowth ceases m this aiea, but continues in the moie densely cellular 
epithelial layer until the gianulations aie reduced to a hyaline mass 
The cells and blood vessels are destroyed by this growth of the epithelial 
layei, which continues until its blood supply is thus reduced and atrophy 
mteivenes 

45 Fischei, Albert A Three Months Old Strain of Epithelium, J E\per 
Med 35 367 (March) 1922 

46 Barta, E Experimental Histological Studies, I, Some Factors Regu- 
lating the Morphology of Tissue (Ureter in Vitro), Anat Rec 29 33. 1924 

47 Maximow, A Tissue Culture of Mammary Gland, Anat Rec 27 210, 
1924 

48 Burrows, M T The Experimental Production of Malignant Ulcers in 
Rats, J Missouri State M A 20 145, 1923 
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Such scars may become the site of cancers It has also been found 
that the faihue for the wound to become cancerous m every case is due 
to the fact that the epithelial layer under ordinary conditions does not 
become thick enough to overpower the resistance of the body outside 
If this layer is stimulated to increase in thickness through the addition 
of growth stimulating substances to it, cancer may then intervene ” 

THE ACTION OF COAL TAR AND OTHER DIPOID SOLVENTS 
IN THE PRODUCTION OF CANCER 

Before attempting an investigation of the action of coal tar and other 
hpoid substances in the production of cancer, it seemed necessary first 
to study more carefully the general metabolism of fat by body cells 
While many authors had studied the heat produced in fat metabolism 
and the various by-products into which fat may be changed, no analysis 
of the ingestion of fat and fat bodies by the cell had been undertaken 

In the early part of this article it has been shown that under the 
influence of a medium concentration of the archusia {So) the cell takes 
up fat, but does not digest it Under the influence of higher concentra- 
tions of the archusia (^'s), the fat and proteins so taken up are digested 
and growth intervenes How this fat is taken into the cell was then 
investigated by the senior author 

In this analysis it was noted that body cells, unlike many of the 
unicellular organisms, have no distinct mechanism for migration They 
are simple fluids They can migrate only into substances containing fats 
and proteins which have greater inertia than themselves If the fats 
and proteins are in suspension and are mobile, they are drawn to the 
cells If these same substances are fixed or large and have a greater 
inertia than the cell, the cells are drawn to them The mechanism for 
migration in body cells is the mechanism for taking these necessary food 
substances into themselves Migration is merely an adaptation of the 
growth reaction of these cells as function is an adaptation of the same 
reaction These cells migrate or draw food into themselves by liberating 
a substance that has strong affinities for the cell as well as proteins and 
fat of the medium This substance or substances has been named the 
eignsta, the laboring substance of the cell to distinguish it from the 
aichu^ia, the driving substance of the cell 

In the plasma cultures the cells do not liberate the ergusia under all 
conditions, but only when the archusia accumulates to a certain concen- 
tration (So), as has been pointed out above In the presence of this 
concentration of the archusia, the cell liberates the ergusia^® which is 
adsorbed by the clot and fat in the clot If the clot is held firmly 
through attachments to the glass surface on which it is placed, the cells 
are drawn out into it and the fragments spread and flatten out If the 

■49 Credit for the words archusia and ergusia is due to Prof Thomas S 
Duncan of the departments of Greek and Latin, Washington University, St Louis 
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clot IS not attached, it is drawn in mass to the fragment In the same 
manner, small, mobile fat droplets aie drawn into the cell Laigei, less 
mobile masses of fats draw the cells to them 

In studying the ergusia in the different types of cells it is mteiestmg 
to note that it diffeis m different cells It has only one definite common 
propel ty it is adsoibed readily only by piotems and fats The eignsia 
of the connective tissue coagulates blood to fibrin and serum The 
ergusia of the epithelial cells has the same piopeity, but these cells diflei 
horn the connective tissue cells m that they may ktei dissohe the 
fibiiii foimed Ihe eigusia of the leukocytes and lymphocytes does not 
foim fibrin to any gieat extent Then ergusia is leadily adsoibed, 
howevei, by both the fibrinogen and fats 

In proof that the cells migiate and acquiie then food by this means. 
It was not only found that their movements are often unassociated with 
any changes m their contoui (they migrate without ameboid move- 
ments) 01 evidence of other mechanical mechanisms, but also that the} 
are exactly piopoitional to the liberation of this substance as such 
liberation is identified by the action of the ergusia of the connectne 
tissue and epithelial cells on a plasma clot, and through the pi oof that 
the fat taken up by the cells becomes saturated with this eigusia 

In a shoit time after fats are eaten by animals then blood contains a 
laige amount of this fat It occuis m the blood in the foim of suspended 
droplets The plasma, prepaied from such blood, is rich m fat If a 
fragment of connective tissue is placed in a drop of this plasma, the 
cells become filled with these fat dioplets The fat moves rapidly out 
of the plasma into the cells The fat has no coagulating efiect on the 
clot It prevents its coagulation lathei than stimulates it This fat 
after it is taken up by the cells acts diffeiently If the fat dioplets are 
squeezed from these cells and placed in fiesh plasma, they coagulate the 
plasma, stick to the fibrin fibiils thus formed and assume spindle 
shape quite the same as the connective tissue cells When placed near 
othei connective tissue cells, they lepel these cells oi are lepelled and 
driven away from the cell exactly as one connective tissue cell lepels 
another in the culture These last phenomena continue, howevei, onh 
until the ergusia which they have adsorbed is lost to the clot Then they 
are adsorbed again by the cells when brought in contact with them 
In other experiments, it was found that this taking up of the eigusia 
follows the laws of adsorption or solution Theie is a definite saturation 
point for eigusia in proteins and fats These cells can migrate into these 
substances or draw them into themselves only until the concenti ation of 
the eigusia m the particles is balanced with that in the cell Then all 
activity ceases 

In the light of these expeiiments, it became evident, therefore, that 
if one places in the tissue any viscid, more or less immobile and non- 
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digestible substance that has strong affinities for the ergusia it must 
draw the surrounding cells to it and away from their intercellular sub- 
stances and blood vessels It can thus disrupt the normal tissue organ- 
ization up to the time it becomes satuiated with this substance This 
action accumulates the scattered cells of the tissue in dense stagnant 
masses about the absorbent and thus builds an organization in which the 
cells can accumulate their archusia and glow It builds a nonvascular 
cancerous orgamzation 

ACTION OF COAL TAR 

Having established these facts, Jorstad^® in this laboiatory then 
undertook the study of the action of coal tar in the production of cancer 
Jorstad injected small quantities, from 1 to a few cubic centimeters, of 
crude coal tar into the subcutaneous tissue of rats and also into 
embryonic tissue that had been cut into small fiagments and injected 
under the skin of animals These masses of coal tar were in some cases 
left for a long time and then removed Others were removed at regular 
intervals of twenty-four houis and longer In a few instances the coal 
tar was injected just beneath the epidermis so that the leaction of the 
epithelial cells could also be observed In most instances it was injected 
into the subcutaneous tissue far lemoved from the epithelial layer 

The change induced by the drops of tar is a rapid migration of the 
cells of the tissue to then edges In a few cases the tar broke up into 
a number of smaller drops In most cases, however, it remained 
together as one large drop These cells accumulating fiom wide areas 
in the tissue formed a collar aiound the drops of tar The first cells 
to react to the diop underwent a gianular degeneration in most of the 
experiments The later cells remained intact The cells chiefly attracted 
were the connective tissue cells and the endothelial cells of the capil- 
laiies The capillaries themselves, theiefore, disappeared through this 
movement and separation of their endothelial lining cells The inter- 
cellular materials were little disturbed except that they showed a hyalin- 
like degeneration and became stripped of the fibroblasts, which normally 
he scattered among them 

The action of the single drop of coal tar was limited in this capacity 
Its action was most rapid at first Then this activity ceased slowly, to 
stop in the course of a few days, as any substance that dissolves sub- 
stances from a medium ceases as the distribution constant is satisfied 
between it and the medium 

In the sparsely cellular subcutaneous tissue, but few cells were thus 
collected by a single drop of coal tar In the more cellular mesenchyme 
of embiyos, the tar accumulated many moie cells This was also true 

50 Jorstad, L H A Study of the Behavior of Coal Tar on the Tissue, 
Proc Soc Exper Biol & Med 21 67, 1923, The Behavior of Coal Tar in 
Embryonic and Adult Tissues, J Cancer Res , to be published 
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when the tar was placed in contact with the more densely celliilai 
epithelial layer In the adult connective tissue, giowth was nevei 
observed in the cells collected by the tar In the moie cellulai mesen- 
chyme of embiyos in which a gieatei numbei of cells were collected, 
these masses became laigei and more densely cellulai In these laigei 
masses giowth and division figures weie seen Against the epithelial 
layei of the skin the tar collects moie cells, and m these denser masses of 
epithelial cells giowth and division figures aie always seen This growth 
often leads to the foimation of peails and the picture of precancerous 
lesions In the epithelial layei of embiyonic tissues, typical cancel ous 
lesions made then appeal ance 

The action of a single drop of coal tai is limited It does not 
act to stimulate the cells to glow but only to draw them to it and 
accumulate them in dense masses about it If these cell masses become 
sufficiently dense and laige enough, growth may then later intervene 
as the archiisia of these cells accumulates about them To pioduce such 
laige masses many applications of tar aie generally necessary With a 
single injection this is never accomplished in the animal undei oidinaiy 
conditions The cells collected soon stiffei regi ession and hyaline changes, 
therefoie Eventually a hyaline scar suiiounds the drops of tai In 
a few instances after a time the drops of tai satuiated with ergusia 
begin to migrate They enter the veins and migrate to distant organs 
in the same manner as fat droplets squeezed from body cells migrate 
from fragments or other cells into the less satuiated parts of the medium 
of the culture The blood contains little or none of the ergusia peculiar 
to the fixed tissue cells It acts as a solvent for this substance and 
attracts the tar 

These observations indicate, therefore, that the action of coal tar is 
not chemical, but purely physical It acts merely by dissolving a lipoid 
soluble substance of the cells It is possible that in the fractional dis- 
tillation of coal tai one will find a substance having a moie efficient 
solvent action, but it is not likely that any impoitant giowth stimulating 
substances will be found, as many of tbe English authois have sup- 
posed Any oil having a similar solvent action must act accoidingly 

ACTION OF PARAFFIN AND PARAFFIN OILS 

To prove the lattei deductions moie definitely, it became of inteiest 
to see how othei oils act m this legard Previous studies ha\e 
shown that paraffin and paraffin oil applied frequently to a jioint on 
the skin will induce canceipus giowths, as coal tar induces them 
Mook and Wandei noted that single injections of paraffin into the 
subcutaneous tissue of men lead to the production of tumors Tliey 

51 Mook, W H , and Wander, W S Camphor Oil Tumors, Arch Dermal 
& Syph 1 304 (March) 1920 
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found these tumors composed of diops of the od enclosed m a hyaline, 
fibrous capsule These tumois are similar, therefore, to the tumors 
that Jorstad found m animals injected with single diops of coal tai 
The paraffin m the cases studied by Mook and Wander had been 
injected into patients as a vehicle foi eamphoi and othei drugs This 
discover) that this oil foims tumois led to the discontinuing of its 
use as a vehicle and the substitution of Mazola, or coi n oil 

It IS well known that coin oil has no immediate food value othei 
than the fat it contains It is laigely free fiom vitamin One 
of us (C G J ), in performing expeiiments with the Allen-Doisy 
hormone,'’’^ noted that this oil also produces tumors The Allen-DoiS) 
Hormone was dissolved in this oil and given hypodeimicdlly It thus 
became of interest for us to study the action of puie corn oil when 
injected into the subcutaneous tissue Previous authors had noted that 
many oils of the food when injected subcutaneously are not absorbed, 
but no one had studied the action of these oils on the tissues 

THi: ACTION or MAZOLA, OR CORN OIL 

Thirty-mne lats, one monkey and one dog weie used for these 
experiments From 1 to 5 cc of the puie sterile coin oil was injected 
into the subcutaneous tissue of each animal The oil was injected in 
each instance so that it formed one large oil dioplet This mass broke 
up quickly into numerous drops of various sizes These drops remained 
unabsorbed Each drop then became firmly encapsulated so that a 
multiple cystic tumor was foimed, similar in each case to the one 
removed and photographed (Fig 1) The nature of the changes that 
this oil induces in the tissue was studied by removing such tumors at 
regular intervals of one, two, three and one-half and seven days, after 
two and four weeks, and after two, three, five and seven months 

PROTOCOLS 

Experimei^t 1 — Two cubic centimeters of sterile Mazola oil was injected into 
tlie subcutaneous tissue of four rats After twentv-four hours the oil tumors 
were removed They consisted of a large number of small and larger cysts 
each enclosed m a grayish capsule, which varied from 1 to 3 mm in thickness 
One of these tumors was fixed in formaldehyd, the other three were fixed in 
Zenker’s fluid, a part of the formaldehyd fixed tissue was cut with the freezing 
microtome and stained for fat Other parts and the Zenker fixed tissue were 
dehydrated, embedded in paraffin, sectioned and stained with hematoxylin and 


52 Allen, Edgar, Francis, B F , Robertson, L L , Colgate, C E , Johnston, 
C G , Doisy, E A , Kountz, W B and Gibson, H V The Hormone of the 
Ovarian Follicle, Its Localization and Action in Test Animals, and Additional 
Points Bearing upon the Internal Secretion of the Ovary, Am J Anat 34 133 
(Sept) 1924, The Extraction and Some Properties of an Ovarian Hormone, 
J Biol Chem 61 711 (Oct) 1924 

53 Henderson, \andell, and Crofutt, E F Observations on the Fate of Oils 
Injected Subcutaneously, Am J Physiol 14 193, 1905 



Fig 1 — Carefully dissected 9 day old oil tumor from subcutaneous lis^iu 
of rat 

Fig 2 — Low power photomiciograph of section of oil tumor 24 hours old 

Fig 3 — High power photomicrograph of section of oil tumor shown m 
Figure 2 

Fig 4 — Photomicrograph of section of 24 hour old oil tumor that has been 
fixed in formaldehyd, cut with the freezing microtome, stained with sudan HI 
and hematoxylin and cleared in ghccrin The oil has fallen out of the cacitj 
The small droplets are seen between the cells in the wall 

Fig 5 — Low' pow'cr photomicrograph of section of 48 hour old oil tumor 
of rat 

Fig 6 — High pow'er photomicrograph of section of oil tumor shown in 
Figure 5 

Fig 7 — Low' pow'cr photomicrograph of section of 7 dac old oil tumor oi rat 

Fig 8 — High power photomicrograph of section of oil tumor shown in 
Figure 7 
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eosin At this early stage, one saw the oil carefully cut off from the surrounding 
fibrils of the fibrous tissue by a layer of cells varying from 1 to several cells 
m thickness The whole of the surrounding tissue was filled with cells 
evidently migrating toward the oil The immediately adjacent cellular capsule 
was ragged, the cells were not closely matted together in it A few had 
penetrated a short distance into the oil (Fig 2) 

In studying more carefully the various parts of these sections, it was inter- 
esting to note that the extent of this cellular reaction varied m the different 
tissues into which the oil had been placed It was much greater about the 
drops placed in the more cellular fibrous tissue than in the fat tissue 

The types of cells responding in most areas were chiefly large spherical or 
ovoid cells having a well formed vesicular nucleus Among these larger round 
cells in most areas one found also a scattering of small mononuclear cells, 
a few polymorphonuclear neutrophils and a larger number of polymorphonuclear 
eosinophil cells (Fig 3) The relative number of the latter cells also varied 
with the regions into which the drops were placed Among the more numerous 
blood vessels of the subcutaneous tissue, one saw a larger proportional number 
of lymphocytes and leukocytes than m the less vascular fibrous tissue and fat 
^Tth this movement of cells toward these drops of fat, tiny droplets of 
fat were continuously breaking off from the larger one and moving out into 
the tissue This moving out of small fat drops was in proportion to the 
movement of the cells toward the larger drops These small fat droplets could 
be readily brought into the field of vision at all periods of the development 
of these tumors by staining the frozen formaldehyd fixed sections Wjth 
Sudan III and hematoxylin and clearing the section with glycerin (Fig 4) 

At first we thought that these large mononuclear cells with a vesicular 
nucleus were wandering cells of some sort or another, as many other authors 
have considered them It soon became evident, however, that this was not true 
As seen in the section of the tumor taken at a later period, these cells were 
fibroblasts that had loosened from their attachment to their intercellular fibrils 
and endothelial cells, which had separated themselves from the capillaries 
through the action of the oil on them 

By means of the tissue culture, it was possible to determine fully 
that the shape of the fibroblasts is not determined by any internal organ- 
ization peculiar to them, but to chemical and physical reactions that they 
induce in the environment about themselves They ai e simple fluid sys- 
tems When connective tissue cells are placed in body fluids containing 
fibrinogen, they coagulate the fibrinogen to fibrin and stick to the 
side of the fibrin fibrils They are fastened to the fibrin by the 
ergusia These fibrin fibrils, as Hertzler has shown, become the inter- 
cellular fibrils of the connective tissue The oil dissolving this eigusia 
not only loosens these cells from their attachment to the fibrils, causing 
them to round off as any drop of fluid rounds off under these conditions, 
but it also draws them to it At later periods after the oil dioplets have 
become saturated with the ergusia, the cells slowly assume other shapes 
according to the shape of the proteins which they coagulate in their 
environment 

Experiment 2 — Four rats were injected the same as m Experiment 1, and 
the tissue removed was studied and treated m the same manner The differ- 
ence between this experiment and the first one was that the tumors were 
removed after forty-eight hours At this period the cells had ceased to migrate 
to any extent from the tissue outside The cells at the edge of the oil droplets 
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had become more closely packed together into a laj’er, several cells m thickness 
(Fig 5) The inner layer of cells had in many places formed a continuous 
layer of cuboidal or flattened cells much like endothelial cells Outside this 
inner cuboidal la 3 'er, the large mononuclears were stretching out more or less 
in many places to spindle and irregular shaped cells These changes were 
suffered only by the large round cells with vesicular nuclei The Ijmphocvtes 
and leukocytes remained scattered among them as before (Fig 6) 

Experiment 3 — In this experiment one rat was injected in the same manner 
as the others The tumor was removed after three and one-half daj's It 
showed no important differences in its morphology from those removed after 
forty-eight hours 

Experiment 4 — Four rats were injected as m the other experiments The 
tumors were removed after seven days At this period the picture had changed 
little from that of the earlier periods, except for a further organiration of 
the cells about the fragment into a definite connective tissue (Fig 7) 
Most of the large mononuclear cells were stretching out to take a spindle 
shape along the forming intercellular fibrils, or had alined themselves into 
a layer of flattened or cuboidal cells about the oil droplets (Fig 8) The fine 
intercellular fibrils noted in the specimen removed at forty-eight hours (Fig 6) 
had now become more prominent, a true intercellular fibrous tissue had made 
Its appearance in many places (Fig 9) Most of the poh morphonuclear and 
small lymphocytes still remained scattered among these cells They had taken no 
part apparently m the actual formation of the capsule, however 

Experiment S — Twenty-two rats were injected as in the other experiments 
The tumors were removed from these rats under ether at fourteen dajs, one 
month, two, three and seven months The tumors were fixed either in formal- 
dehyd or Zenker’s fluid and stained with hematoxjdin and eosin or hematoxjlin 
and Sudan III In most of the specimens the changes were a gradual increase 
in the organization and then a hyalinization of the capsule about the oil drop- 
lets The oil remained unchanged during this later period (Figs 10, 11 and 12) 

While the oil remained unchanged in practically all these cases, in one rat 
it was apparently absorbed This absorption took place slowly, and as the oil 
disappeared the circumference of the cellular wall either shortened or the tumor 
collapsed It was interesting to notice that the cells in the capsule of such 
cases of absorption did not tend to lay down intercellular substances but 
remained closely packed together much the same as they were at the beginning 
They also showed some evidence of growth m that their nuclei contained more 
chromatin and their cytoplasm stained more deeply (Fig 13) Mitosis also was 
observed in one of these cases There was never any evidence of the oil 
stimulating the cells to grow in any of the other cases The oil attracted the 
surrounding cells of the tissue to it, but it did not excite grow'th m these 
cells It acted rather to cause them to degenerate Evidences of grow'th were 
seen in these sections only when the oil w'as placed in a sufficicntlj cellular 
tissue so that a large number of cells became massed at its peripherj When 
the number of cells became large enough, as in Figure 15, then one saw sharph 
staining cells Growth in these cases is evidently a secondary phenomenon and 
the result of the massing of the cells together It w’as secondary to the original 
action of the oil which pulled them into this mass 

Experiment 6 — One dog was injected in the same manner as the rats The 
tumor was removed after three weeks It was interesting that in this animal 
the oil W'as being slowly adsorbed as in the case of the one rat described 
above (Fig 14) The cells about the absorbed oil droplet showed eiidcnccs 
of stimulation The conditions leading to growth and the absorption of the 
oil in these cases Were not determined 

Experiment 7 — One monkey w'as injected wuth 5 c c of MazoH oil The 
tumor W'as fixed in formaldehyd after nine days The oil had broken up into 
numerous droplets Each of these tumors w'as enclosed in a cellular fibrous 



Fig 9 — High power photomicrograph of another part of section of oil 
tumor shown m Figures 7 and 8 

Fig 10 — Low power photomicrograph of section of 22 day old oil tumor 
of rat 

Fig 11 — Low power photomicrograph of section of 7 months old oil tumor 
of rat 

Fig 12 — High power photomicrograph of section of 24 day old oil tumor 
of rat 

Fig 13 — Mass of cells marking site of oil cyst m which the oil was absorbed 

Fig 14 — Section of wall of oil tumor from subcutaneous tissue of dog, 
the oil has been absorbed and the circumference of the tumor has reduced 
accordingly 

Fig 15 — Dense mass of cells at edge of oil droplet showing evidence of 
growth m 7 daj' old oil tumor of rat 

Fig 16 — Low power photomicrograph of section of 9 day old oil tumor from 
subcutaneous tissue of monkey 
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capsule like that seen in the majority of the rats None of the oil had been 
absorbed (Fig 16) 

Experiment 8 — Two rats were injected with pure Marola oil that had not 
been sterilized The tumors were removed after seven days The picture in 
these cases was different The oil was surrounded by a mass of fibrinous 
exudate filled with polymorphonuclear cells This typical infiammatory lene- 
tion was quite different from the picture of the simpler migration of wandering 
and fixed tissue cells to the sides of the sterile oil droplets 

Mook and Wandei noted giant cells m the liyahne capsule sin- 
rounding dioplets of paiaffin oil They considered that the oil acted as 
a foreign body They called these giant cells foieign bod} giant cells 
The tumois they classified as saicoids 

It must be pointed out that paiaffin oil api^hed frequcntl} to a given 
place in the skin will lead to cancel ous pioduction What Mook and 
Wander studied weie single injections The oil that had been injected 
in many of then cases was not puie paiaffin oil, but oil containing 
camphoi This substance excited a true inflammation Theie was 
an exudation of fluid and fibnnogen fiom the blood vessels, and when 
necrosis intervened polymoi phonucleai cells made then appeal ance 
The fibnnogen and fluid foimed a thick mass about the initant oi 
diluted It The fibnnogen clotted to a gel As staled above, oxygen 
difitused leadily into such clots no moie than fiom 0 5 to 0 7 mm The 
cells become abnormal beyond this distance fiom the souice of oxygen 
Barta °° has lecently studied these abnormalities and finds that cells 
situated a distance gi eater than 07 mm from the an surface of the 
layer of plasma medium of a cultuie change into leticular, epithelioid 
and giant cells These cells aie not m any way concerned with foreign 
bodies but owe their formation entirely to a reduction in then oxygen 
supply Fibroblasts, certain wandering cells and othei tissue cells will 
show these changes The giant cells noted by Mook and Wander can 
only be indicative of such an inflammatoiy process This same inflaniina- 
toiy piocess we noted about diops of unstenle coin oil The steiihm! 
oil acts only to dissolve the ergnsia of the cells Since the eigusia has 
stiong affinities foi the oil as well as the cells, the oil is thus diawn 
toward the cells and the cells to the oil The largei oil di oplets become 
encapsulated by drawing the cells to them fiom the tissue and blood 
vessels in propoition to the ongmal number of these cells in these 
localities Smallei dioplets of fat are seen among the cells The} 
are diawn fiom the laiger diops by the same piocess that the cells aie 
diawn to these laigei drops 

54 Bunows, M T Neuritis of the Cranial Nerves in Lethargic Enceph- 
alitis and the Differentia! Anatomic Diagnosis Between It and Acute Polio- 
myelitis, Arch Int Med 36 477 (Oct ) 1920 

55 Barta, E Experimental Histological Studies II, Giant Cel! Forma- 
tion and Fat Metabolism in Relation to Oxidation (Ljmph Nodes in Vitro), 
to be published 
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While many previous authors have looked to the discovery of some 
hormone or growth stimulating substance m coal tar and other lipoids 
capable by long use of inducing cancer, others have appreciated that 
such IS probably not the case They had noted that the oil acts to 
cause the cell to degenerate rather than grow (Bullock and Rohdenberg “ 
and Champy What stimulated the eventual proliferation of these 
cells they could not determine The tissue culture has answered this 
question It is the result of the crowding of cells induced by the oil 
attracting the cells of the tissue to it away from their intercellular 
substances and blood vessels 

It IS now well established that to induce cancer with coal tar and 
other hpoid solvents these substances must be applied fiequently over 
a long period of time The reason for this is clearly shown above A 
single drop of oil becomes quickly saturated with the ergusia, or lipoid 
substance, of the cell It can pull only a few cells to it With each 
addition of fresh oil to the same place, more cells are pulled in until 
finally there is built a stagnant mass of cells of sufficient size to over- 
come the growth energy of the surrounding tissue 

COMMENT 

Previous work on cancer has shown that it may be induced by a 
variety of conditions and substances It follows on the site of chronic 
inflammation , it may arise in many benign congenital and other 
types of benign tumors and congenital defects, it may be induced 
by coal tar, other lipoid solvents, roentgen rays, radium, bacteria and 
certain animal parasites While many of these substances and condi- 
tions were shown capable of inducing cancer, it was also noticed that 
they are unimportant in the eventual course of this disease Cancer is 
an independent growth of body cells which may be induced by any one 
of these conditions and substances but, once established, then proceeds 
independently of them The first important problem to be solved in 
cancer is the conditions allowing such an independent growth of the 
cells 

This problem was investigated by one of us (M T B ) by means 
of the tissue culture It was found that single cells cannot grow in a sim- 
ple body medium, such as blood plasma Growth can intervene in this 
medium only about densely cellular fragments and it proceeds about 
these fragments only when they are placed in a very small stagnant 
quantity of this medium, which is well supplied with oxygen This 
growth depends on the accumulation and maintenance of a certain 
concentration of a primary product of the cells about them This 
product is formed by them through the oxidation of food materials 
It IS soluble in the blood, in serum and m isotonic sodium chlond 
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solution This substance oi substances has been called the archusia, 
or the laboiing substance, of the cell 

The body cell is a drop of fluid cytoplasm in which floats a fluid 
nucleus It also contains fat dioplets, centiosoines, mitochondria and 
other foimed bodies floating in its cytoplasm These cells have no 
organization other than centiosoines (actne onl}' m cell division) for 
transforming their eneigy into work These cells can induce reactions 
between certain food substances and oxygen with the foimation of the 
archusia The aichusia acts on the cell in piopoition to its concentia- 
tion In low concentiations (5'i) it has no effect In a medium con- 
centiation (.S'o) it acts to liberate anothei substance from the cell’s 
protoplasm, the ergusia The ergusia is a hpoid soluble substance 
readily adsorbed by fats and proteins Small mobile particles of pro- 
teins and fats are drawn into the cell as this substance is liberated into 
a medium in which it can diffuse Larger masses of pioteins and fats 
draw the cells to them The cell glows by this ability to take up these 
proteins and fats Its migration is the result of the same leaction and 
occurs when the cell meets masses of piotems and fats having a 
greater inertia than itself The eigusia is not the same in the different 
cells It is highly selective in its action on proteins but not on fats 
All cells aie attracted by fats The ergusia of the connective tissue 
cells coagulate fibrinogen to fibrin while the ergusia of the leukocytes 
and lymphocytes does not The diffeient cells in the body diffei fiom 
each other in then chemical make-up They grow always to reproduce 
themselves This specificity in their giowth may be readily leferied to 
the specificity of their eigusia and the specific selection of food sub- 
stances by it 

In high concentrations the archusia {S 3 ) causes the proteins and 
fats to be digested, the cell grows and divides by mitosis In all 
higher concentrations {S^) the cell is digested and destroyed 

The archusia is appaiently the same in all cells The archusia 
extracted from one cell sets up the leactions mentioned aboie in other 
cells None of these cells except iDossibly the striated adult muscle 
fibers can retain their aichusia Foi them to grow independently they 
must be crowded, therefore, into a small stagnant area in which their 
archusia cannot escape from about them Since the archusia is not 
specific, these same cells can be made to giow dependently, how- 
ever, by supplying aichusia fiom the outside In such cases their 
growth must be limited always to the supph. and wholh undei the 
contiol of the outside forces supplying this substance 

In the light of these facts, it became evident that cancel ma> be 
none other than the result of a primaiy reorganization of tissue in the 
body There ^^as no ewdence that the independenth growing cells of 
the culture had changed pi imarih The change leading to their groi\ th 
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was in the environment Applying these principles to the study of 
growth as it is observed in the body, it became evident that all growing 
tissues of the normal organism are cellular and have a stagnant circu- 
lation and that this stagnation and cell crowding reaches its greatest 
development in cancer The question therefore arose, Is cancer other 
than the result of the building of a dense mass of cells free from blood 
vessels ^ The proof of this deduction lay in showing that such a mass 
once built will repioduce itself and that the substances and conditions 
that lead to cancer act only to build such a tissue organization 

It vas found by means of the cultme and a stud} of wounds that 
an} dense, stagnant mass of tissue may not only grow but also destroy 
readily an} less dense and stagnant tissue Not only the surrounding 

tissue cells but also blood vessels suftei in this destruction Such a 
mass once established can thus continuously reproduce itself through 
a growth of its cells and the continuous destruction of its blood supply 
The action of coal tar and corn oil in the production of cancer have 
been investigated It has been found that they have no stimulating 
action on the growth of the cells, but act only to disrupt the normal 
organization of the tissue and build a densely cellular tissue relatnely 
or wholly free from blood vessels and intercellular substances These 
oils act to collect these cells merely by dissolving the ergusia, the hpoid- 
like substance of the cell The cells are drawn to the edge of the drop 
merely thiough this adsorption by the oil of their ergusia The ergusia 
liberates the energ}' for the migration of the cell, through its strong 
affinities not only for the cells but also foi the oil It thus decreases the 
surface tension of the cell in the presence of the oil 

A single drop ot coal tai, corn oil oi paraffin is limited in this 
capacit} It soon becomes saturated with the ergusia It cannot draw 
a sufficient number of cells or form a sufficiently large mass of these 
cells for them to oveicoine the resistance of the outside and thus take 
food to themselves With each new addition of the oil, more and more 
cells are drawn to the drop until a cancer is built 

We have not studied the action of loentgen lays, radium and animal 
parasites in the laboratory It must be pointed out here, hovever, that 
the only tapeworm larva known to induce cancer is the c^stlcelcus 
of the cat tapeworm This larva produces changes in the tissues of 
the host which are different from those produced by the larvae of tape- 
vorms, which do not induce cancer It induces a densely cellular 
tissue capsule about it This capsule is a dense mass of fibroblasts, 
while that induced by the echinococcus a noncancerous producing 
parasite, is a hyaline, fibrous one containing very few cells Wolbach,®® 
in 1909, had shown that the roentgen ray acts on the tissue to reduce 

56 Wolbach, S B The Pathological Histolog}’- of Chronic X-Ray 
Dermatitis and Earlj X-Ra> Carcinoma, J M Res 21 415, 1909 
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the blood vessels and change them It acts, theretoie, also to build 
a cancerous organization 

Bacteria aie now being studied carefully They act diftcrentl} 
from the tai to produce, however, the same nonvasculai cellulai 
organization in the tissues Smith had noticed that Bacillus iumc- 
faciens when introduced into the tissues of a plant induces the cells to 
proliferate actively In studying the action of this organism in the 
animal, we find it causes the cells with which it comes into contact 
to proliferate without the formation of normal body structuies, such 
as the blood vessels and intercellular substances It acts to produce by 
proliferation a local dense mass of cells that is identical to the masses 
formed by the drops of oils through collecting the scattered cells of the 
tissues about them Extracts of embryo and Berkefeld filtrates of 
malignant tumors, which are rich m archusia, act in the same mannei 
to stimulate the tissue cells to proliferate Drops of oil act to disiupt 
the normal organization of the tissue and build one pecuhai foi cancer 
in that they are able to attract the cells fiom the tissue to them 
(Fig 17) The bacteria produce the same oiganization l^y stimulating 
the cells that he between the blood vessels to proliferate and thus to 
form a crowded cellular mass (Figs 18 and 19) The blood vessels 
do not grow to any extent because the stimulus is continuous!) w ashed 
away by them and cannot concentrate on their lining endothelial cells 
The latter expeiiments on the action of bacteria are interesting in 
that they show that certain bacteria can liberate growth stimulating 
substances not unlike those liberated by body cells 

In the furthei study of the properties of tissue cells, it has been 
shown that these simple active fluid systems when polaiized or placed in 
an environment m which the archusia can concentrate onh at one of 
their ends, suffer a rhythmic explosive breakdown of either the eigusia 
hbeiated at the one end where the aichusia is high or the substance 
adsorbing it m the enviionment These bieakdowns aie expiessed m 
muscle by conti action, in the gland cells by secretion, in the nerves by 
conduction Function is the result of such a polaiization In the body 
this polarization is induced by the mterspersion of blood vessels betu ecu 
double columns of cells In the culture function is produced by placing 
the same conditions about the cells The blood vessels bathing one end 
of the cell lemove the archusia formed at this end of the cell It accu- 
mulates at the other end of the cell away from the blood stieam 

In the light of the foregoing observations cancel maintains \\hen 
the cells are crowded together in an area having a greatl) i educed blood 
supply Function is a pioperh of a rich blood suppl) in properly 
ananged blood vessels It is something i\hich takes place at the 
expense of the growth reaction of the cells It reaches its greatest 
development in an environment that must inhibit grouth completcl) 
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unless the cells are supplied with archiisia by other means Function 
IS something which has been imposed on the cell by outside forces 
and not something- which the cells will tend to develop at their own 
initiati-ve The question confronted us, What is the nature of these 
outside forces ? 

As has been noted, single cells isolated in a drop of plasma and 
groups of cells washed with a stream of serum cannot gi ow The same 



Oil droplet 

Fig 17 — Manner in which a drop of oil attracts cells when placed in the 
tissue, it disrupts the normal organization of the tissue and builds a cancerous 
organization 

cells can be made to grow hy adding archtisia to these mediums As stated 
abote, such grotvth is not independent but dependent on the source of 
the archusia In the animal organism there is no evidence to show that 
the cells lose their power to grow at any tune The prevention of an 
actne, independent growth of these cells and function in the normal 
organism is wholly dependent on the organization of the normal organ- 
ism, the arrangement of its blood vessels and cells 



BURROWS-JOHNSTO^i—PRODUCTION OF TUMORS 327 

In other studies in this laboratory, it has been found that the cells 
of the normal body do not grow independently at an}^ time from the 
egg to the death of the adult At no place aie thej^ crowded sufficiently 
and their environment sufficiently stagnant to allow them to gi ow without 
an outside source of archusia In cancer conditions are diflerent , the 
oiganization about the cells has changed to one in which the cells are 
crowded sufficiently and their relative cii dilation sufficiently reduced for 
them to form enough archusia and i etain it in a concentration ample for 
them to grow independent of any outside source 

In the light of these facts it becomes evident, therefore, that growth 
111 the body must be at all times dependent on a source of stimulus fi om 



Fig 18 — Site of introduction ot tumor forming micro-organism oi extract 
of an actively growing tissue 


the outside the mother, the yolk of the egg oi the food It is a well 
known fact that one cannot exist on proteins, fats and carbohydrates 
alone Other accessory food substances are necessary These have been 
termed vitamins It has been shoivn above that ivhen B tuuicfaciois 
IS introduced into the tissues it stimulates the cells to pioliferate Fhc} 
grow to foim a densely cellular nonvascular mass The same is true 
foi extracts of embryos or any othei activel} growing tissue Under 
normal conditions these substances cannot gam entrance to the bod}' 
except through the food In the food they mushentei the blood ^essels 
first and then gam access to the cells Under such conditions they 
will not act to build a cancerous organization The blood \ essels must 
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suffer the greatest stimulation They must grow, therefore, in excess 
of the cell between them and foim a vascular rather than a nonvascular 
tissue 

In the light of these facts, it became of inteiest for us to study the 
action of B tnmefaciem and the extracts of embryos when injected and 
when fed to the animal One of us had already noted that extracts of 
actively growing embroyos when injected into the skin stimulate an 



Fig 19 — Result of introduction of tumor forming micro-organism or extract 
of an actively growing tissue into the tissues Ihe cell proliferates without 
the formation of intercellular substances and blood vessels These bacteria or 
tissue extracts by stimulating the cells to proliferate accomplish the same result 
as oil in attracting the scattered cells of the tissue 

active groivth of cells and cancers'*® We aie now investigating the 
effect on the growth of young rats of feeding B tumefacieiis and 
extracts of embryos Two day old and 5 day old cultures of B fiune- 
faaens (Smith) were fed to lats in a diet fiee from vitamin B and 
111 a diet free from vitamin A The lats fed on 2 day old cultures in a 

57 Burrows, M T Studies to Determine the Biological Significance of 
the Vitamins, Proc Soc Exper Biol & Med 22 241, 1925 



BURROJVS-JOHNSTO'\— PRODUCTION OF TUMORS 329 

diet containing vitamin A (butter) grew as well as those fed on the 
same diet containing autolyzed yeast instead of the bacillus The rats 
fed on the 5 day old culture giew as actively Extracts of embi}Os 
that had been shown to be iich m the archusia have also been fed These 
extiacts act only as \itamin B substitute In other expeiiments we have 
sought for stimulating substances in the glands of inteinal secretion 
The studies on the ovaiy have now been completed The Allen-Doisy 
hormone extracted fiom the follicular fluid of the ovary is found to be 
rich in an active giowth stimulus Whether this stimulus acts as 
substitute foi the vitamins we have not determined 

From these observations on the effect of feeding these substances on 
the giowth of the animal, it becomes evident, therefoie, that the control 
of body growth, its foim and function must depend on thiee factois 
( 1 ) a complex egg cell capable of giving rise by division to multijilc cell 
types, (2) an absence of the power of the cells of the body to letain 
their aichusia, and (3) an active supply of archusia fiom an external 
souice aided piobably by certain glands of internal seciction 

It has been possible for us to show in the laboratorj^ that when a 
stimulus IS introduced into the tissue it stimulates an active giowth of 
cells and a cancerous organization When fed it pioduces a normal 
vascular tissue When placed in the tissue it stimulates the cells to grow 
without organization From the food it enters the blood vessels fiist, 
and stimulates them to grow more than the intervening tissue cells A 
vascular-functioning tissue is thus formed 

The bodies of higher animals must be, therefoie, the icsult of an 
evolutionary development Their function and normal growUh is not 
a propel ty peculiai to their cells, except in an environment iich m 
giowth stimulating substance, the archusia oi something similar 1 his 
substance foicing its way m from the outside builds the vasculai s\stem 
Function is not a noimal act of the cells, but something imposed on 
them by the body organization thus controlled from without The 
bodies of higher animals suivive, grow and function only thiough this 
outside aid Such stimulants are foimed probabl)' onl} by living cells 
The body exists through preying chiefly on lowei nonfunctioning grow'^- 
ing forms AVhile the glands of internal secietion must aid m the 
directing of these stimuli, the chief souice of these stimuli is piobably 
from without 

In the cancerous state the cell alone reaches its full independence 
In further proof foi this deduction, it is inteiestmg to note that 
Cramer has found that the growth of transplanted tumors of rats is 
not influenced by the absence or presence of vitamins \\ e ha\c 


58 Cramer, W Dietary Deficiencies and the Gro\\th of Cancer, Eighth 
Scientific Rep Imper Cancer Res Fund, London, p 17 
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repeated and confirmed these expeiiments In cancer the cells are 
able to live an existence independent of specific substances in the diet 
In the crowded, stagnant emironment of cancer they can conseive their 
energy, the archusia, and build their parts from simpler substances 

The cancer cell is not piimarily different from the normal cell The 
piimary change in cancer is a reorganization of the tissue so as to 
produce a densely cellular mass having a relatively poor circulation 
While It has been shown fiom the woik of Nuzum,^® Blumenthal, Auler 
and Meyer that a certain number of cancers of man undoubtedly owe 
their origin to bacteria, it must be clearly emphasized here that this does 
not indicate that cancer is infectious Cancer may be pioduced by any 
one of a number of conditions and substances that primarily build a 
dense mass of cells in the organism in such a manner that the circulation 
IS so reduced that this mass receives at its peiiphery an ample oxygen 
supply, but IS otherwise stagnant The conclusions drawn by Oxner 
and Nuzum are not based on the facts at hand and are thus wholly 
uncalled for and may do harm Blumenthal, Auler and Meyer have 
carried their work further than Nuzum They found it impossible to 
draw such conclusions Cancer is the normal means of the cell to 
survive when unaided from without It must always be the normal 
outcome of a certain number of aging organisms 

The difteience between the cancerous tissue and the normal is the 
difference between the greater conseivation of growth energy in the 
cancer than in the bod} outside Our immediate hope for the medical 
treatment of cancer does not he in an ability to equalize the energy m 
the body over that in the cancel, but in finding some means to over- 
whelm the growing cancer cells If we laise the amount of archusia in 
the blood to that in the cancel , the growth of the cancer must cease, but 
function cannot maintain undei these conditions Function depends on 
the absence of, or a \ery low, archusia at the end of the cell m contact 
with the blood stream and a high value at the opposite end The amount 
of function is the difference in these energy values AVhen we demand 
increased function, the circulation increases When we eat a big dinner 
and load our blood with growth stimulus fiom wathout, ive become 

59 Burrows, M T, and Jorstad, L H Unpublished notes 

60 Ovner, A J Cancer Infection, Surg, Gynec R Obst 40 336, 1925 

61 Soper, S A The Application of Facts and Opinions Resulting from 
Laboratory Experiments to the Practical Work of Cancer Control, Surg , Gynec 
& Obst 40 334, 1925 

62 The same evidently applies to the recent work of Gye and Barnard reported 
in the lay press and in TAMA 85 368 (Aug 1) 1925, at the time this proof 
was being corrected The Rous chicken sarcoma has long been suspected as 
being due to a bacterium This is not true of many of the sarcomas and 
carcinomas of rats and other animals Gye and Barnard will undoubtedly find 
that extracts of any actively growung tissue, many bacteria and other substances 
capable of stimulating cells will induce cancer if proper^ introduced (Footnote 48) 
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dull and diows}'- Aftei a day of active blood circulation, we become 
exhausted, our blood pressui e di ops, u e sleep The cells must be 
allowed to grow, to recupeiate their loss of substance thiougb function 

We have found, ho^\evel, that when the archusia is raised in the 
medium of a tissue cuituie to a certain high concentration (6'4) the 
cells are digested Cancer cells and activeh growing embr3mnic cells 
can be made to suffer such digestion by adding to the medium containing 
them only one-tenth of the amount of archusia capable of stimulating 
growth in fresh normal adult tissues Whether this can be used foi 
treatment is yet to be investigated It is possible that othei moie 
simple means will be found to destio)'^ the cancer without destro3ung 
normal cell The means to discover such substances oi condition will 
probably be found in a more caieful anal3^sis of loentgen ra3’’s and 
othei substances inducing cancel and m moie study of the details of 
cellular giowth and function 

CONCLUSIONS 

1 The tissue cultuie has given us an entirely new idea of the struc- 
ture and activity of body cells Oui earlier ideas had been gleaned 
entirely from a study of complexly oigamzed unicellulai oiganisms and 
a study of the morphology of bod3’’ cells The tissue cultuie has allowed 
us to study for the first time the mechanism of giowth and function in 
these cellular elements The3'- are one of the few cells in natuie which 
have a simplicity of stiucture sufficient to make such an anahsis 

2 Cancer is an independent giowth of these cells It ma3 be 
induced by any one of a number of conditions and substances Once 
established, it pioceeds independently of these causative agents 

3 An active independent growth of body cells depends on a crowd- 
ing of the cells togethei in a stagnant aiea oi an aiea having a lelatively 
pool blood supply Cancer has this kind of an organization 

4 It has been found that such an oiganization can reproduce itself 
through the fact that it destroys thiough its giowth the normal tissue 
and blood vessels about it 

5 The action of diops of corn oil and coal tai on the tissue has 
been investigated It has been found that they act to build a dense, 
stagnant mass of cells by drawing the tissue cells to them and away 
from then intei cellular substances and blood vessels 

6 The bacteria that induce cancer act in the same manner to build 
a densely cellulai stagnant mass of cells, but Iw a difterent means The3 
induce such a mass of cells to form by stimulating the cells of the 
tissue to piohferate without forming to anv extent mtcrcellulai sub- 
stances and blood vessels 

7 These factois of stagnation and cell crowding become important 
for giow^th because the giowth of bod3 cells depends on a certain con- 
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centration of a primary product of the oxidation of the cells, the 
archusia This substance is soluble in blood The cells cannot retain 
It in quantity Its concentration is at all times under the control of the 
environment 

8 Function is likewise determined by the environment It main- 
tains in an environment rich in blood vessels so placed that they pass 
close to one end of the cell The other end of the cell away from these 
vessels accumulates aichusia and is active The end near the vessels is 
inactive Function is the result of an explosive breakdown of such a 
polarized cell This was proved by a direct analysis of isolated func- 
tioning cells in the cultures 

9 Body cells can be made to grow not only through the accumula- 
tion of their own archusia, but b}’^ adding archusia from outside sources 

10 Function is something that maintains only in an environment 
that inhibits an independent growth It occurs only in a richly vascu- 
larized tissue Function is something imposed on the cells of the body 
For them to survive in such a state they must be supplied with groAvth 
energ}^ from other sources This functioning tissue is formed and 
maintained by gron th stimuli entering the blood vessels from the diges- 
tive tract These stimuli act in the capacity of vitamins They represent 
the growth energy of other living things 

11 Cancer maintains without these accessoiy food factors 

12 The functioning organism is evidently the result of an environ- 
ment rich in growth stimulating substances supplied by preexisting lower 
growing and nonfunctioning foims 

13 In cancer the cell becomes independent The cells in the aging 
organism must tend to revert to this state An}'' tissue may be made 
cancerous by anything that frees the cells of the effect of their inter- 
cellular substances and an active circulation of blood 
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The question of the absorption and utilization of non in the forma- 
tion of hemoglobin has long engrossed the attention of clinicians and 
physiologists Unfortunately the results of these lesearches are far 
from being in accord in spite of the great amount of labor expended 

If we leave out the earlier woik as for the most part too inaccuiate to 
be of service, the modern study begins with Bunge, ^ under vhose diiec- 
tion Haeusermann studied the question exhaustively His plan vas to 
feed growing animals food low m iron, generally rice and milk, half of 
the animals receiving in addition medicinal iron (ferric chloiid) After 
several months’ treatment, the animals were killed and the total hemo- 
globin determined, and in some of the animals the total iron also He 
found that the animals became highly anemic on rice and milk, and that 
those receiving iron in addition contained no more hemoglobin than the 
controls Furthermore, the ammals leceiving non had no more total 
non in their bodies, except m one experiment His results on rabbits 
and dogs were discordant, for after one or two months’ feeding he 
could not determine whether iron was not stored up through lack of 
absorption or absorbed and then eliminated 

Abderhalden,- in an extensive senes of reseaiches, came to the con- 
clusion that animals on an iron-poor diet plus medicinal iron failed to 
produce as much hemoglobin as animals on a diet rich in food iron On 
the other hand his obseivations led him to the view that medicinal non 
in some way stimulated, for short periods of time at least, the formation 
of hemoglobin from the food iron Tartakowsky,“ ho\\e\er, came to 
the conclusion that medicinal inorganic iron is both absorbed and utilized 
in hemoglobin foimation It is worthy of note that his young ammals 
fed on rice and milk became anemic and finally ceased to grov but that 
medicinal iron added to their diet caused the blood to gam in hemo- 
globin and the animals to grow again He considers that Abderhalden s 
lesults should likewise be interpreted in this sense Schmidt came to 
substantially the same conclusions as Tartakowsky 

^ From the Department of Medicine of the University of Illinois College of 
Medicine 

1 Bunge Physiological Chermstrj, Chapter 25 

2 Abderhalden Physiological Qiemistry, Ed 3, Chapter 35 

3 Tartakowsky Arch f d ges Phjsiol 100 586, 1903, ibid 101 423, 1904 

4 Schmidt Verhandl d Deutsch path Gesellsch 15 91, 1912 
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In criticism of this work, it seems quite clear that man> of the ani- 
mals were on an inadequate diet, not only m respect to vitamins but 
also in some cases in respect to proteins and fat as well Many of their 
results weie certainly due to deficiency diseases rather than to the lack 
of iron only 

Recently there has been a levival of interest m the subject Whipple ^ 
and his associates have studied the question anew and along somewhat 
different lines They have shown that the diet of the animals was of the 
very greatest importance, and their experiments have given no support 
to the ralue of inoigamc non in simple anemias Musser® also has 
reported some experiments which failed to show any favorable influence 
of inorganic iron in experimental liemoi rliagic anemias On the othei 
hand, Scott and Bai croft ‘ state that iron seems to "anticipate the cure, 
w Inch occurs normally ” Gibson and Howard,® while admitting the 
supenoiity of a diet rich in food iron, say, "We still feel justified in con- 
tinuing the administration of iron in the form of Blaud’s pills ” From 
this It may be inferred that these authors consider inorganic iron as of, 
lalue, or at any rate that the contrary has not been satisfactorily demon- 
strated 


It seemed to us that, in view of the discordant lesults obtained by 
different authors, the subject should be leinvestigated, with the emphasis 
laid on the follow mg points ( 1 ) to select an animal that can be obtained 
m large numbers m large litteis, the mdiMduals of wdnch aie practically 
identical, (2) to use these animals in sufficient numbeis to eliminate the 
vaiying results, which must necessarily obtain when only a dozen or twm 
are used, (3) to use a standaid basal diet adequate in all i aspects, (4) 
to continue the experiments over a time sufficiently long to ensure decisive 
results, and (5) in determining the hemoglobin, to use a method of the 
highest possible degree of accuracy and free from the defects of the 
usual colorimetric methods 

To comply with the first point, we selected the rat, because its life 
historjr IS thoroughly known, aur’ we secured all our animals, with the 
mothers, when only a few days old All were of the same breeding To 
cover the second point, vve used several hundred animals, 386 rats and 
thirty-tivo dogs The diet used was the standard casein diet of Osborne 
and Mendel, yeast being added to carry vitamin B, and on this our rats 


tionVoUowfn^ e F S, and Hooper, C W Blood Regenera- 

lomng Simple Anemia, Am J Physiol 53 151-263 (Sept ) 1920 

Blond ^ A of Inorganic Iron on Regeneration of 

Blood Alter Hemorrhagic Anemia, Arch Int Med 28 638 (Nov ) 1921 
ocott and Barcroft Biochem J 18 1 , 1924 

-^nela^’ArS lnt^MJd^^7auIy5^ I 923 Studies in Pernicious 
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grew and repioduced noimally The iron-fiee diet was obtained b\ 
simply leaving out the ferrous lactate from the salt mixtuie used m 
making up the foregoing diet As thus constituted, anal 3 fsis showed the 
iron content to be 0072 mg per bundled grams of food While for con- 
venience we speak of this as the iron-free diet to distinguish it from the 
iion-containing diet, to which ferious lactate has been added, it is in 
leality only an iron-poor diet To satisfy the fouith point, most of 
our experiments weie continued ovei seveial months and always until 
satisfactorily uniform results showed that a longer continuance would 
be productive of no further changes Some of the experiments were 
continued as long as eight months To comply with the fifth point, wc 
chose the spectrophotometnc method of determining the hemoglobin 
values, since accoiding to Buerker’s investigations, it is the most accuiate 
for this purpose A further reason for choosing this method was that 
one of us (C S W ) had previously conducted an extensive reseaich 
based on this method, and was therefore thoroughly familiar with the 
technic and various phases of spectrophotometnc investigations 

PRINCIPLES INVOLVED IN QUANTITATIVE SPECTROPIIOTOMETRIC 
DETERMINATION OF HEMOGLOBIN 

Without discussing this method in detail, we shall give briefly the 
salient points, assuming that the basic principles aie already known The 
method is based on the fundamental law that for each coloied substance 
the latio, concentration to extinction coefficient, is a constant This law 
IS generally expressed C/E = A In our case the concentration C is, 
of course, the number of grams of oxyhemoglobin mice of the solu- 
tion examined The extinction coefficient is the reciprocal of the 
thickness of solution requiied to reduce light of the intensit} one to 
the intensity one-tenth In the spectrophotometei in question (we used 
the improved Huefner appaiatus), the thickness of the layer of solution 
remains constant, and E is determined by measuring the intensity of the 
remaining light This is effected by rotation of the anal} zing with 
respect to the polarizing Nicol Now it can be mathematically shown 
that the extinction coefficient, E, is equal to — 2 log cos 0, where 0 is 
the angle of rotation just refeired to In order to obtain E, we measure 
the angle of rotation, 0, necessaiy to pioduce equality in the upper and 
lower fields This angle is read off on a vernier and from this the 
extinction coefficient, is computed, either from a table of logarithms 
01 more conveniently from a logarithmic curve that Buerkcr has con- 
stiucted foi this puipose 

Since w'e are always dealing wuth a solution of one and the same sub- 
stance, oxyhemoglobin, the concentrations arc diiecth jiroportional to 
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their respective extinction coefficients, so that the latter are used as a 
convenient method of expressing relative concentration The figures 
gi\en in our tables are these extinction coefficients obtained m the manner 
described If it is desired to convert these into absolute values of hemo- 
globin, all that IS necessar> is to multiply these extinction coefficients by 
a factor known as the absorption latio, of course making due allowance 
for the dilution of the solution 

The construction of the apparatus is such that readings of the vernier 
are taken in two different sectors of the circle, obtained by rotating the 
prism first to the light and then to the left Since any lack of adjust- 
ment of the apparatus would immediately be made manifest by the fail- 
ure of these opposed readings to agree, it is obvious that we have heie a 
guarantee of the propel functioning of the apparatus A minimum of 
four readings was taken foi each detei mination, and if an extra degree 
of accuracy was desired ten readings were taken Much experience 
showed that if a number of determinations weie made on the same day, 
no perceptible increase of accuracy was obtained with a laiger number 
of readings because of the increased eye fatigue We elsewhere have 
discussed the a-veiage and probable eiior of reading and have shown 
that It was negligibly small We had a special dark lOom at oui dis- 
posal and the entire appaiatus was enclosed in a large, hinged, light 
proof case, so constructed that no extraneous light could reach the eye 

When we consider the high degree of accuracy m the actual reading 
of the vernier of the apparatus, i<- is obvious that the error involved in 
measuiing and diluting the bloou is likely to be several times as great as 
the error in reading Our pipet was an especially constructed and cali- 
brated piece of heavy thermometer tubing with thick walls, delivering 
0 03865 gm , or 0 03646 c c , of blood This amount may be readily 
obtained either by a puck of the vein in a dog’s leg or by snipping off 
a bit of a rat’s tail In actual practice we proceeded as follows Into 
long necked, glass stoppeied flasks of 50 cc capacity were measured 
4 c c of a 0 1 per cent sodium carbonate solution, using a Mohr 5 c c 
normal pipet A pipetful of blood was then blown into this and the 
solution thoroughly agitated, which gave a perfectly clear, transparent 
fluid Our pipet was graduated as a delivery pipet, and by blowing with 
force each time for ten seconds and withdrawing the tip of the pipet 
from the fluid while still blowing, a high degree of uniformity was 
obtained This is shown from the accuracy determinations below The 
blood solution was then transferied to the Troegcnen and the readings 
taken as described A special feature of the spectrophotometer is that 
bv taking a second reading between the bands any deterioration or altera- 
tion of the blood can be instantly determined and the specimen discarded 
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ACCURACY DETERMINATION 

To test directly the precision obtained in practice, a numbci of 
accuracy determinations were made fiom time to time of uhich two 
typical ones are given heie A pipetful of blood was taken fiom a rat’s 
tail, diluted m the manner described wnth 4 cc of sodium caibonate 
solution, and the pipet cleaned and diied A second pipetful of the same 
blood was then taken and diluted in the same w^a} These weic then 
examined spectrophotometncally wnth the results given m Tables 1 
and 2 

Since the concentrations aie proportional to the extinction coefficients. 
It will be seen that with only twm leadings on each side of the veinier 
a high degree of accuiacy is obtained 


Table 1 — Accuiacy Detei imnation of Solutions of Same Concenti ation 


Solution A 


■'Oliition B 


Left 

Right 

Left 

Right 

70 2 

70 3 

70 4 

70 2 

701 

701 

70 3 

70 <> 

140 G 

140 4 

140 7 

141 1 

Average of readings 

70 25 

\\enge of readings 

70 45 

Extinction coefficient 

0 943 

Extinction coellicient 

0 951 


Table 2 — Accuiacy Dctci mutation of Solutions of Diffmcnt Concciili atioiis 


Solution A 

A 


Solution B 

_ _ A 






Left 

Right 

Left 

Right 

73 4 

73 0 

75 6 

75 ? 

730 

73 3 

75 S 

75 8 

73 3 

73 3 

75 7 

75 0 

731 

73 2 

75 4 

/ y i 

731 

73 3 

75 6 

75 4 

365 9 

3661 

3781 

377 8 

Average of readings 

73 2 

Avenge of rcidings 

75 50 

Extinction coeflicient 

1078 

Extinction coefficient 

1 208 


In another test we proceeded as follow^s One pipetful of blood (A) 
was blowm into 4 c c of sodium carbonate, a second (B) into 4 5 c c of 
ths same fluid A simple calculation shows that the concentrations in 
these twm cases are to each other 124 42 110 71 The two solutions 
were then examined, the results are given in Table 2 

Companng these ratios, we find that 124 42/110 71 = 1 124 and 
1 208/1 078 = 1 120 

For ease in the interpi etation of these and subsequent figuies, it is 
convenient to bear in mind that a diflFeience of 001 in the extinction 
coefficient lepiesents a difference of less than 1 pei cent in the amount 
of hemoglobin In other wmrds, the two solutions were so piepared that 
then concentrations w^ere 1 124 1, while the concentrations as actualh 
determined w^ere 1 120 1, a difference of only a small fi action of 1 per 
cent 
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It must be remembeied that while the vernier leadings in degrees of 
an arc are given to show what is actually read, the concentrations of the 
solutions are not proportional to these but to the extinction coefficients, 

1 e^to 2 log cos of these arcs Since these accuiacy determinations 

weie made m the ordmaiy couise of the work, they represent the degree 
of accurac} actually attained and not that which is merely theoretically 
possible These demonstrate very cleaily the correctness of Buerker’s 
statement as to the exceedingly great accuracy of the method, especial!} 
for the comparatne deteimination of hemoglobin, and, of course, since 
no color comparisons are made there is no standard to change or deteri- 
orate, which IS regularly the case ivith most colorimeters In addition it 
has the very great advantage of recognizing at once any deterioration of 
the solution, such as may result from a slight admixture of alcohol or 
ether m the cleaning of a pipet, or from long standing For a fuller 
discussion of the method as applied to hemoglobin deteimination, ref- 
erence should be made to our previous work “ 

The method used in the determination of iron m the tissues was that 
of Ripper-Schwarzer 

To summarize, our method of attacking the problem, keeping in 
mmd the foregoing five points, was 

1 To administer medicinal iron orally to rats, with suitable con- 
trols , in other groups to administei iron subcutaneously, and to compare 
the amount of hemoglobin m the blood and tissues of these with a group 
of noninjected controls 

2 To repeat these experiments in rats rendeied anemic by single 
or multiple bleedings 

3 To determine the effects on the blood of young rats of medicinal 
iron administered to the mothers during the periods of gestation and 
lactation 

4 To control the results of the foregoing by similar experiments on 
a different type of animal (dog), as well as to study the effects of intra- 
lenous injections of iron, for which purpose the rat is ill adapted 

Our division of work was such that one of us (C S W ) carried out 
all the spectrophotometric work , the other (H N E ) carried out all the 
iron determinations and assumed the entire charge of the animals 

EXPERIMENTS ON RAT GROUP 1 (FORTY FIVE RATS) 

A group of fortv-five rats from five litters was divided into two 
groups half of each litter placed on our standard iron-free diet, and half 
on the iron-containing diet already described They u ere kept on these 

Int MS''inS-528 (Oct)^mT'" Hemoglobin, Arch 
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two diets from Maich 5 to September 24, about six and one-half montlT^ 
Several hemoglobin deteimmations were made on dates between these 
exti ernes, but to simplify the tables and to save space these aic not gi\cn 
They showed, however, no significant change It may be stated heic 
to apply to this group as well as to the other subsequent rat gioups, that 
the weights pursued a peifectly normal couise, that the animals lem.imcd 
lively and healthy, and that pairs selected at random hied in a normal 
mannei with an average number of healthy young The results aic 
given in Table 3 


Taull 3 — Ilcinoglobin Concenhatwn in Rat Gi oup I 


On Iron Pree Diet On Iron Contnlning Diet 

■ * 


Kat 

March 5 

September 24 

Rat 

M ireli 5 

8cptenib( r 2 

2 

1 031 

1 lOO 

1 

1 031 

1 201 

4 

1 000 

1 003 

i 

1 141 

1 018 

(, 

1 082 

1 008 

3 

1 07? 

1 102 

8 

1 101 

0 074 

7 

1 021 

1 140 

10 

1 167 

1 103 

11 

3 148 

1 IS'i 

12 

1 018 

1 003 

13 

1127 

1 211 

U 

1023 

1 213 

15 

1 032 

1 lO? 

10 

1 OSO 

lOCO 

37 

1 050 

1 213 

18 

1 014 

1078 

10 

1 101 

1 127 

20 

0 030 

1002 

21 

1000 

1 078 

22 

1 024 

1 on 

23 

1 002 

1 002 

24 

1 101 

1 157 

25 

1 122 

1 13.1 

20 

1 031 

1003 

27 

1 048 

1 Oil 

28 

1 124 

0 83-4 

20 

1 103 

1 O^l 

30 

1 182 

lOOO 

31 

1 103 

3 211 

38 

1 100 

1 142 

33 

10(>3 

lOO’l 

40 

1 134 

1 003 

35 

1 077 

1 017 

40B 

0 023 

1 125 

37 

1 002 

1 070 

42 

1 100 

1 100 

40A 

1 350 

1 037 

44 

1 003 

1 088 

41 

1 103 

1 010 

40 

1 148 

1 244 

43 

1 007 

1 003 

48 

1 070 

1120 

45 

1 011 

0 000 




40 

1 010 

1 ’01 

\vci agt 

1 073 

1 003 







Average 

1 083 

1 123 


Tauci: 4 — Avciaqcs in Gioup 1 


Iron Ircc diet 715 ing per rilogram of Ijodj \(Cipiit 

Iron diet 87 1 mg per Xilogrnm of bod> weight 


It Will thus be seen that while each group gamed one oi two points 
111 hemoglobin concentration, the differences are ivell ■within the limits 
of natuial variation and experimental eiroi Aftei the last deteimma- 
tion, the rats w^ere killed, the entire digestive tract ivas removed, and the 
iron content of the entiie rat determined by the method desciibcd J he 
average results of the iron analyses are given in Table 4 

We see, theiefore, that while the bodies of the rats that received 
iron contained more iron than the controls on an iron-fiee diet, this m 
nowise affected the hemoglobin concentration The non is stored m the 
body, but seems not to be capable of conversion into hemoglobin nor 
does it m any way stimulate the production or mobilization of non from 
any possible i eserve supply that maj exist 
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rat group 2 (THIRTY SIX RATS) 

In this group the expenmental conditions that we had in Gioup 1 
weie lepeated The animals were kept on their respective diets four 
and one-half months 

A study of Table 5 shows that the group on an iron-free diet had 
a hemoglobin concentration of 1 061 at the beginning and 1 05 at the 
end of the experiment, while the group on an iron-contaimng diet had 
concentrations of 1 105 and 1 106 at these times In other words, the 
changes in both groups were negligible in amount 

In this group, as in Group 1, we have the same increase m total body 
iron It would seem evident that the iron must remain in the body for 

Table 5 — Hemoglobin Conccntiation in Rat Gioup 2 


On Iron Tree Diet On Iron Containingr Diet 

> , ’ 


Rnt 


Mar 3 

ScDtomberll Rat 

3In> 3 

September 21 

51 


1 055 

118-1 

50 

1123 

1 170 

55 


nil 

1025 

->2 

1153 

1 093 

57 


1152 

0 978 

54 

1 110 

1138 

59 


1 131 

11-14 

16 

1 228 

11S7 

ei 


1215 

1230 

IS 

1113 

1114 

63 


1110 

leOG 

CO 

0 970 

1049 

69 


losr 

1 OSS 

04 

1 IS3 

lOS 

n 


0 035 

1040 

(>6 

1 242 

nil 

iS 


10S7 

1U8 

OS 

1 107 

1220 

T5 


1110 

1005 

70 

llCO 

1177 

Tf 


0 761 

0 872 

74 

1 063 

inr 

83 


0 9S2 

0 968 

70 

IIU 

1018 

91 


1 071 

0 533 

82 

1 078 

1073 

93 


1090 

1046 

66 

1 041 

1 117 

95 


0 095 

9 941 

•X) 

1 052 

1043 

97 


1005 

1093 

92 

1101 

1159 

99 


loss 

1 296 

94 

1 051 

1124 






90 

1 085 

nso 

Avenge 


1 001 

1030 

OS 

0 971 

1132 



, 


Ai erage 

1 105 

1100 


Table 6 — Averages vi 

lion Analyses 

in Gioup 2 


Iron diet 



<3 6 mg pei : 

kilogram of body v eight 




^0 5 per Ivilognun of l)Odj 



some time, since the increase is much too great to be accounted for 
except on that assumption 

RAT GROUP 3 (EIGHTY TIVE RATS) 

As in the two previous groups, the rats were kept on the two diets 
for a little over four months These rats were chosen as young as they 
could be handled successfully, i e , about three or four weeks after 
iieaning At this time, as in the human infant after the second year, 
the normal hemoglobin curve is rising 

It u ill be seen that both groups gained m hemoglobin concentration 
manner and that the averages are almost identical 
le rats receiving iron gamed 09, and the controls on an iron-free 
let gamed 0 1 Here, again, in young animals the oial administration of 
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iron fails to increase the rate of gain in the slightest degree The large 
numbei of healthy young rats used makes an average of considerable 
accuracy 

After the last analysis, the lats were killed and the livers and spleens 
analyzed with the i esults given in Table 8 


Table 7 — Hemoglobin Concenhation m Rat Gioup 3 



On Iron Tree Diet 

i 



On lion Containing Diet 

Rat 

.Tunc 5 

October 10 

Bat 

Junes 

October 10 

101 

0099 

1 159 

TOO 

IlOO 

1046 

103 

1 001 

1 US 

192 

1080 

lora 

105 

1 138 

1 ISO 

104 

1 031 

1005 

107 

1 036 

1081 

ICG 

1010 

1041 

HOB 

0 957 

1098 

108 

1034 

1058 

111 

1019 

1018 

no 

0 987 

1 926 

113 

0 970 

1070 

IlOA 

0 983 

0 948 

115 

1 oos 

1 011 

112 

0 9S4 

1021 

117 

0 958 

1075 

114 

1007 

1068 

119 

0 9S6 

lORS 

no 

1050 

1053 

121 

0 901 

1 103 

118 

1027 

1941 

125 

1 003 

1 045 

124 

0908 

1190 

127 

09S5 

1 272 

132 

0 975 

1110 

111 

1 035 

1 133 

130 

1 921 

1146 

135 

0 933 

1 200 

140 

0 980 

10G6 

141 

1 001 

1 001 

llOA 

1 130 

1127 

143 

0 919 

1001 

142 

1 031 

1114 

145 

1052 

1200 

144 

0983 

1263 

147 

1001 

1 177 

110 

1000 

1125 

149 

1014 

1 419 

148 

1 111 

1 lOO 

IGOB 

0 977 

1073 

150 

0 912 

1083 

I'Jl 

0 959 

1 098 

IDOA 

0 934 

loss 

153 

0 924 

1 138 

1500 

0 983 

1194 

155 

0 992 

1014 

153 

1071 

1146 

157 

0 970 

1 105 

154 

0 895 

0 820 

icon 

1071 

1093 

150 

1020 

1 170 

ICOC 

0999 

1 144 

158 

1 013 

1 133 

101 

IOCS 

0 9<2 

ICO 

1049 

1248 

1G5 

1929 

lies 

ICOA 

0 8C0 

1036 

1G7 

1010 

1092 

192 

1928 

1124 

ICO 

1040 

0 739 

194 

1 020 

1245 

173 

0964 

1050 

160 

0 995 

1 347 

175 

0 927 

1922 

IGS 

1040 

1164 

181 

0 897 

1260 

170 

1008 

1093 

183 

100l> 

0S0(. 

172 

0 935 

1187 

185 

106S 

1929 

174 

0908 

1053 

187 

1001 

1 107 

170 

0 848 

1149 

190B 

1 143 

1 155 

182 

1 041 

1003 

193 

OSll 

1 151 

181 

1035 

1 103 

107 

1 922 

1 138 

186 

1 100 

1339 

199 

0 987 

1 IGl 

188 

0948 

1 103 




lOOA 

1148 

1177 

Average 

1092 

1 100 

191 

100-4 

0 681 




190 

1067 

1048 




Average 

1 012 

1 100 



Table 8 — Averages m 

lion Analyses in 

Group 3 



Iron-Free Diet 


Iron Diet 

A 


r 

Iron per 100 Gin 
ol Tissue 



Iron per lOO Gm 
of Tissue 

Divers 

28 0 mg 

Liveis 


29 0 mg 

Spleens 

155 0 mg 

Spleens 


169 0 mg 


These difieiences aie relatively slight, and suggest that iron, in com- 
paratively small quantities given in this way by mouth, while it lemains 
in the body a consideiable time, is not stored up in the liver and spleen 
in any great measure, probably owing to the fact that it is again excreted 
during the months the feeding is being carried on 
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It IS evident by comparison of these figures with those obtained for 
the non content of the whole rat (m Groups 1 and 2) that some but not 
all of the iron is contained in the spleen and liver A rat spleen averages 
0 8, a liver 2 9, and the total blood about 6 2 ing of iron 

RAT GROUP 4 (TWENTY EIGHT RATS) 

Young rats were bled (28 per cent of their blood volume), then 
divided into two groups, one being placed on an iron-free and the other 
on an iron-containing diet The hemoglobin concentration was estimated 
at short intervals In less than eight weeks, the hemoglobin concen- 
tration of the blood had become stationary and was at the same level as 
previous to the bleeding (To save space the oiiginal and intermediate 

Table 9 — Hemoglobin Concentrahon ni Rat Group 4"^ 


Eats on Iron-Free Pietf 

-*• ■ ^ 

Feb 25, Feb 27, April 4, 


Eat 

1924 

1924 

1924 

1 

1124 

Bled 

1 230 

3 

1 199 

(12 per 

10S3 

a 

1 046 

cent ) 

1 IGS 

9 

1 117 


1133 

11 

1 111 


1 174 

15 

1 043 


1177 

19 

1 135 


1 119 

21 

1 133 


1083 

23 

0 989 


1 151 

25 

1117 


1 132 

31 

1126 


1106 

S3 

1076 


10S3 

35 

1 lOS 


1 152 

37 

1114 


1 174 

43 

1076 


1152 

45 

1 134 


1 156 

Average 

1 103 


1 14') 


Rats on Iron Containing Wet} 

» , 

Feb 25, Feb 27, April 4, 


Rat 

1924 

1924 

1924 

0 

1 093 

Bled 

1015 

2 

0977 

(12 per 

1166 

6 

1 068 

cent ) 

1 199 

14 

1135 


1193 

18 

0 970 


1141 

20 

1 OSl 


1188 

24 

1088 


1073 

26 

0 984 


1038 

30 

1051 


1072 

3> 

1144 


1149 

36 

1 125 


1080 

44 

1 091 


1129 

Average 

1 151 


1114 


When the rats tvere bled, they yero first etherized and the blood was then drawn directly 
from the heart The blood volumes \\erc estimated from the figures of Scott and Barcroft, 
1 e , 6 2S c c of blood per hundred grams of rat 

t Average hemoglobin concentration before bleeding, 1 117 Eats first bled (28 per cent ) 

A OV 2/ 

* hemoglobin concentration before bleeding, 1 ns Eats first bled (28 per cent ) 

V Ai i ^ X 

readings are not given in Table 9 ) The original aveiage in the iron- 
free group was 1 117, and in the iron group, 1 113 The rats were then 
bled (12 per cent of the blood volume) and a hemoglobin determination 
v/as made Five weeks later the hemoglobin had again attained its 
original value A glance at Table 6 shows that after the first bleeding 
the hemoglobin concentrations were identical in the two groups, the 
figures being 1 103 and 1151 Five weeks after the second bleeding the 
same statement held true, the concentrations were 1 145 and 1 114 The 
group receiving iron in the diet was, if anything, a trifle loiver, the 

rats on an iron-free diet gaming 0 04, those on an iron-containmg diet 
losing 0 04 

In this group the hemoglobin values were not m the least influenced 
by the administration of medicinal iron It may be noted that under our 
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dietaiy conditions the lapidity with which the hemoglobin values of the 
blood legained then original \alues aftei bleeding was very much greater 
m the lat than m the dog Aftei the last determination the animals were 
killed, and the non contents of the livers and spleens was detei mined 
The inciease, «\en though small, in the amount of iron in the livers 
and spleens of the gioup leceivmg non in the diet makes it clear that 
the fault lies not with the absoiption of the iron but iMth its failure to 
be converted into hemoglolim That the increase is relatively small in 
animals leceivmg non in small quantities and by mouth is not stiange. 


Table 10 — Avoagcs in Non Analyses in Gioup 4 


Iron Free Ditt 


Iron Diet 

iron per 100 Gm 
ol Tissue 



Iron per 100 Gm 
of Tissue 

Li\ cr« 4S 4 mg 

‘'picens loSOmg 

Lner' 

Spleens 


32 6 mg 

14Y 0 mg 

Table 11 — H cmoglohin Conccnti alton 

in Rat Gi oup 5 A 

(Foi ty-Onc Rats) 


On Iron-rroo Diet 
>■ 


R\t 

ncloro Bleeding, 
JIarcli 11 

lunc 3 

'W 

1 103 

Bled 

1 072 


1 OSS 

tPICC 

1 0S3 

'9 

1 141 

30 per 

1 01 f 

00 V 

1 191 

cent 

1 no 

()1 

1001 Miircli 17, 

, 1 no 

03 

1003 

ind 

1 113 

09 

10(0 

23 per 

0 929 

71 

1 171 

cent 

1 199 

73 

1 090 

M n 3 

1 117 

73 

iiod 


1 070 

77 

1 133 


0 829 

S0\ 

1 n2 


1 113 

SOD 

0 9SS 


0 931. 

S3 

1 123 


1099 

S3 

1 OSG 


0 942 

S9 

0 910 


1 117 

901 

1 lOS 


1 129 

90E 

1 191 


10S3 

93 

1 092 


1 030 

95 

1 203 


1 OSO 

Averngc 

1 100 


I 000 


On Iron Containing Diet 

JL ■ — - 


Rat 

Before Bleeding, 
Marcli 11 

June 5 

50A 

1C20 

Bled 

1129 

GOB 

1 039 

tivJce 

1 14S 

32 

1 230 

30 per 

1202 

50 

109S 

cent 

1105 

3S 

1 203 March 17, 

, 1 OCS 

GO 

1 101 

and 

1213 

r4)B 

1000 

25 per 

lots 

C2 

1140 

cent 

1 14S 

W 

1 133 

Maj 5 

1 174 

CO 

loss 


1203 

OS 

1 0=3 


1 171 

7! 

1 185 


1 203 

70 

1 290 


1 130 

78 

1223 


1 228 

so 

1 icr 


1 146 

8S 

1 072 


1206 

90 

1 174 


IISO 

90C 

1 137 


1173 

OOF 

1 0&3 


1081 

94 

1106 


1 194 

9S 

1109 


0 972 

Average 

1 132 


1 153 


since the amounts are small and the time during which it may be 
excieted relatively long, as compaied with the large doses and shorter 
times of injection in the gioups leceiving iron subcutaneousl} 

RAT GROUP 5 (FORTY ONE RATS) 

In a group of foity-one rats, the hemoglobin concenti ation was first 
taken, following which 2 c c of blood was removed from the heart As 
the average iveight was 85 gm , this represented 30 per cent of the total 
blood volume Half the animals were placed on iron-free and the other 
half on an iion-containmg diet, and approximately five weeks later the 
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hemoglobin concentration was again determined The two groups were 
found to be substantially identical To save space, these intermediate 
figures are omitted The rats of the foregoing groups were then bled 
again (25 per cent of the blood volume), since on reflection it seemed 
highly probable that the reserve stores of iron in the liver, spleen, etc , 
would hardly be exhausted by a single bleeding Thus it might be 
thought that medicinal iron may not be absorbed and utilized when only 
a moderate degree of anemia exists, and the liver and spleen contain 
a more available form of iron , yet medicinal iron may be absorbed and 
utilized when a severe anemia exists and iron reserves of the liver and 
spleen are greatly depleted 

One month after the second bleeding when the hemoglobin was 
again determined, the gioup on an ii on-free diet was found to be 004 
lower than at the beginning (11 and 1 06) , while in the group on an 
11 on-containmg diet, the figures were 1 132 and 1 53, respectively In 


Tablf 12 — Hemoglobin CoucliiIi alion m Rat Gionp 5 B (Tzucnly-Eight Rats) 


On Iron Ttco Uiot 


Eat 

Before Bleeding, 
Marcli 11 

lull 23 

^5 

loss 

Bled 

1 116 

39 

nil 

28 per 

1 119 

67 

1 123 

cent 

1 111 

69 

1 070 

Julv 10, 

losr. 

71 

1 17l 

inci 

1 093 

73 

1090 

been 

nil 

73 

1 106 

pre\i 

1 109 

77 

1 133 

ouslj 

1 101 

80D 

0 9SS 

bled 

0 990 

S9 

1 123 

tv ICO 

1093 

S3 

1 0S6 


1068 

son 

1 191 


1 053 

95 

1 203 


1 019 

Avenge 

1118 


1 089 


On Iron Contnlnlng Diet 

- X 


Rat 

Before Bleeding, 
Marcli 11 

Julj 23 

COB 

1 039 

Bled 

1127 

62 

1 236 

28 per 

1 135 

56 

109S 

cent 

1 119 

CO 

1101 

Julj 10, 

1 002 

cm 

1 090 

had 

1 016 

62 

1110 

been 

1171 

61 

1 135 

previ 

1096 

66 

loss 

ousls 

1 lOG 

71 

1 185 

bled 

1101 

70 

1296 

tw ice 

HOC 

78 

1223 


1073 

80 

1107 


1051 

90 

1 171 


1 101 

DOE 

1 137 


1006 

W 

1 100 


1003 

\\cnifce 

1 145 


1095 


other words, ue may conclude that after two bleedings of considerable 
size the animals on a diet containing iron showed essentially the same 
hemoglobin values as the control group with no iron 

To check furthei this result, a third bleeding was performed (28 per 
cent of the blood volume) on most of the rats, and the hemoglobin read- 
ings were taken two weeks later As will be evident from Table 12, the 
last a\erage readings are substantially identical in the two groups In 
the group on an iron-fiee diet, the hemoglobin concentration was 1 118 
e ore the first bleeding, and 1 089 after the last, while in the group 
rcceivmg iron the corresponding figures are 1 148 and 1 095, respectively 
rom figures it is evident that even after three bleedings, aggre- 
gating 62 2 per cent of the blood volume, the hemoglobin in the blood 
regained its normal value within a few months, and that the administra- 
tion of medicinal iron in nowise facilitated this recovery 
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The lats weie then killed and the iron content of the livers and 
spleens determined 

It will be seen that while the hemoglobin concentration remained 
piactically unchanged the iron content of the livers and spleens, particu- 
larly the lattei, shouted a considerable increase The iron was absorbed 
to a gieatei or less degiee but not converted into hemoglobin 


Table 13 — Avoagcs m lion Analyses m Group 5 B 



Iron Diet 

K 


Iron-Free Diet 


Iron per 100 Gm 


Iron per 100 Gm 


of Tissue 


of Tissue 

Li\ ers 

41 0 mg 

Livers 

37 2 mg 

Spippnc 

112 0 mg 

Spleens 

710 mg 



Table 14 — Hcinoglobm Conccnfi ation in 

Rat GiOiip 6 





On Iron Free Diet Plus 


On Iron Tree Diet 


Iron Gncn Hvpodcrmicallv 










/ 




R It Tebru 11 } 9 

Jlnrcli 15 

Rat 

Fcbnnry 9 

March 17 

01 

1044 

1 050 

D 

0 904 

1068 

OB 

1 010 

0 99-4 

1 

1171 

1080 

00 

1 223 

1143 

3 

1 094 

1 101 

4 

1 17.7 

1010 

5 

0903 

1198 

(i 

1 027 

0 038 

7 

1 032 

0 951 

& 

0 092 

1049 

9 

0 989 

0 993 

0 

ooso 

0 997 

lOA 

0 938 

1 015 

20 

1090 

1 000 

lOB 

1 030 

1049 

.01 

1 000 

1 140 

lOD 

0 909 

1031 

2015 

102S 

109S 

lor 

1090 

1 028 

20C 

1 077 

1 199 

11 

1004 

1010 

2CD 

1 010 

1 172 

14 

1075 

0 992 

.01 

1 071 

1 092 

3^ 

1 034 

1 018 

21 

1 031 

1 125 

10 

1 051 

1071 

22 

1 010 

1 05(, 

18 

1001 

1 Ojt 


1 073 

1 13S 

19 

1013 

1 ICS 

21 

1 010 

1092 

30 

0 970 

1020 

27 

1 021 

1 111 

30 \ 

1073 

1 020 

Z(^ 

1 019 

1 

SOB 

lOOO 

0 940 

27 

1 049 

1 145 

301 

1 033 

OOlO 

28 

1 034 

1051 

31 

1078 

1044 

20 

1 O'W 

1 097 

33 

1 093 

1 028 

40 

1 027 

0 917 

35 

0981 

1033 

401 

1083 

1 174 

30 

1 102 

1 091 

40C 

0901 

1 0(.3 

37 

1 150 

0 947 

40D 

1 039 

1045 

3S 

0 950 

lOOO 

40i: 

1 on 

1 09S 

39 

1041 

1 006 

41 

1 018 

1 927 




42 

0 91.1 

0 949 

At erige 

1 031 

1 030 

13 

0 007 

1 077 




44 

1 070 

1 017 




4’i 

1 047 

1080 




40 

1 051 

0 949 




47 

1 038 

1 247 




48 

1038 

1 070 




1\ engp 1 045 

1 075 





RAT GROUP 6 (SIXTY TWO RATS) 

In Group 6 the intention was to test the value of medicinal iron used 
hypodermically Young rats were chosen , their concentration was 
determined, and they were then divided into two groups, both on an 
iron-fee diet, but one group receiving 0 5 c c of a 1 per cent solution 
of iron and ammonium citrate subcutaneously three times a week These 
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diets and injections were continued for five weeks during whicli hemo- 
globin determinations were made several times As the intervening 
determinations showed nothing of significance, only the first and last 
determinations are given in Table 14 

It IS evident fiom an inspection of the figures m Table 14 that the 
group receiving injections lemamed exactly stationaiy at 1031 and 
1 03, while the control (noninjected) group gained a mere trifle, leach- 
ing 1 045 and 1 075 These results demonstrate that with all rats on an 
iron-free diet medicinal non, hypodermically given, in nowise increases 
the hemoglobin concentration As a matter of fact, we have shown in 
other rats that the long continued use of iron in this way and in this 
dose produces a distinct deleteiious effect, the rats become sick, do not 
increase normally in weight, and many die 


Table 15 — Avciages m Iron Analyses in Rat Gioiip 6 



inoected Hits 


Noninicctcd Bats 



Iron per 100 Gm 

f 

Iron, per 100 Gm 



of Tissue 


ol Tissue 

Divers 


71 0 ing 

Dn ers 

22 3 mg 

Spleens 


105 0 mg 

Spleens 

85 2 mg 


Table 16 — Compaiatwe Hemoglobin Concenli ations in Young of Rats on 
Iion~Fiee Diet and on Ii on-Containing Diet 


Dams on Iron-3?rce Diet 


Extinction Coefficient 
1058 
1081 
1081 
0907 
1106 
1 081 
1 027 
0 994 


Extinction Coefficient 

0 999 

1 024 

0 975 

1 017 

0 970 

1 004 
0 934 
0 999 


Dams on Iron Containing Diet 
Extinction Coefficient 
1 093 
1041 
IOCS 
1 073 

lose 

1 18S 
0887 
1 109 
1 OCl 


-ivenge 


1 022 


1 059 


Aftei the last determination of hemoglobin, the animals were killed 
and the iron content of the livers and spleens was determined The 
results are given in Table 15 

As might have been expected with i datively large doses given sub- 
cutaneously, the storage in the liver and spleen was \ery great, yet there 
was not the slightest evidence of its utilization as hemoglobin 

rat group 7 (SIXTY ONE RATS) 

In this group an attempt was made to determine whether’ the young 
o rats that had been kept on an iron-free diet during the entire peiiod of 
^estation and lactation would have a lower hemoglobin concentration 
t lan those born of dams that had been kept on such a diet plus medicinal 
iron during the same period 
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To eliminate any possible effect of age, the blood was taken in all 
cases at about the twelfth day of life In all, sixteen young from three 
dams on an iron-free diet and nine young from two dams on an iron- 
containing diet were studied The results are shown m Table 16 

In view of the individual concentrations of hemoglobin, these lesults 
aie essentially identical, or at least within the margin of variation found 
in different groups of animals To make this point clear, we append a 
table of tu o groups of animals of exactly the same age whose dams were 
on a general mixed diet As will be seen, the aveiage of the first group 
IS 1 061, that of the second 1 105, a difference of a little less than 4 per 
cent , which is approximately the difference between the two groups 
undei discussion 


Table 17 — Hemoglobin Conccniiaiions m Animals on Gencial Mned Diet 



Extinction 


Extinction 

Bnt 

Coefflcicnt 

Rat 

CoefBcient 

1 

1 055 

1 

1123 

O 

3 111 

2 

1 152 

3 

1 152 

3 

1110 

-1 

1 131 

4 

1 228 

"l 

1 215 

5 

1 113 

0 

3 110 

C 

0 970 

7 

10S7 

1 

1183 

s 

0 9S3 

8 

1 242 

<1 

10S7 

9 

1 107 

10 

1 110 

10 

1 100 

11 

0 7C4 

n 

1003 

12 

09S2 

12 

1 111 

n 

1 071 

13 

1078 

i-i 

1 090 

14 

1 041 

r> 

0 907 

17 

1052 

u. 

1 OOS 

10 

1 101 

17 

1 OSS 

17 

1071 



18 

1 085 

A-vcriite 

1 COl 

19 

0 971 



\vcnge 

1 105 


The conclusion would seem justified that the administiation of 
medicinal iron to pregnant rats does not mciease the hemoglobin concen- 
tration m the blood of the offspimg 


EXPERIMENTS ON DOGS 

Healthy adult dogs were selected and placed on a maintenance diet 
of white biead and whole milk This is a rather iron-poor, but b}' no 
means an iion-fiee diet, since milk contains, according to Sherman, 
0 24 mg of iron per hundred grams and white bread 0 90 mg per hun- 
dred grams In one gioup meat was added to test the diffeience of the 
behavior of the hemoglobin on the two diets In this case half the bread 
was withdrawn, and an equal number of calories of meat were added In 
otlier respects, the methods were essentially the same Blood was 
obtained by a prick with a sharp cataract knife fiom the vein of the 
hind leg, and intravenous injections, when used, were given in the cor- 
responding vein of the opposite leg In all cases more than sufficient 
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time was allowed to elapse between successive hemoglobin determinations 
to peimit the blood volume to return to the normal Water was given 
freely and at all times 

Various authors have called attention to the fact that the dog is not 
a suitable animal tor this type of work, a statement with which we are 
in entire accord Our work is essentially based on the results of our 
rat experimentation, the dogs being used for intravenous injections, for 
which the rat is not suitable, and wuth the idea of forming a control in 
a different type of animal 

The dogs rvere made anemic by bleeding them from the heart, after 
etheiization The ^olume remo\ed w^as calculated fiom the figures of 
Whipple, Robscheit and Hooper 

DOG GROUP 1 (FIVE DOGS) 

Large dogs were bled directly from the heait, the amount taken being 
25 per cent of the blood volume In order to determine w'^hether the 
anemia produced w'as actually as great as was postulated from the 

Table 18 — Hemoglobin Concenti ation in Dog Gioup 1 




Before 

Octo 

^OA em- 

Xovem 

Xovem 

Deccm 


Dog 

Bleeding 

ber 24 

ber 2 

ber 15 

ber SO 

ber 12 

Isoninjected controls 

4 

104G 

Bled 

0183 

1 067 

1 015 

0 919 
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0 931 

25 per 

0 654 

109S 

0 970 

0 970 
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Average 


0 9S9 

blood 

0 719 

1 083 

0 993 

0 9G0 




A oluinc 





Injected dogs 

3 

1119 



1 277 

1 357 

1330 


5 

1236 



0 927 

1233 

1 “Of. 


4 

1251 



0 697 

1011 

0 976 

Average 


1 202 



1 034 

1204 

1201 


amount of blood withdrawn, additional determinations of hemoglobin 
w^ere made on two of the dogs. Nor 2, 1923 The bleeding had been 
done Oct 24, 1923 The result rvere as follows Before bleeding, the 
concentrations in the blood w^ere 0 997 and 1 0S7, respectively, and on 
the second date 0 6a4 and 0 /83, respectn eh This is to be interpreted 
as shownng that the blood volume had come back to approximately the 
normal and also show’^s that the anemia, as measured by the concentra- 
tion of hemoglobin, w'as approximately wdiat it had been postulated to 
be All the animals were on a biead and milk diet 

The figures gnen for Dogs 4 and 8 show'^ that from October 24 to 
XoA ember 2 (nine days) the hemoglobin concentration w^as reduced 
from 0 989 to 0 719 (about 27 per cent ), showung that the blood volume 
Avas fulh lestored to normal m that time We have made numerous 
similar observations After a aa eek or ten days, the regeneratiA'^e effects 
are rapidly manifested The figures for November 15 should be noted 
le injected group recen'^ed 1 5 c c of the iron and ammonium citrate 
per cent solution subcutaneously three times a aa eek for five AA^eeks 
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It will be seen fiom an inspection of Table 18 that in the six weeks 
that elapsed fiom the date of bleeding the control dogs had regained 
their original hemoglobin concentrations The injected animals showed 
no difterence m the behavioi of their blood fiom that shown by the 
nomnjected contiols, their concentiation before bleeding being 1 202, 
and six weeks later 1 201 

We may conclude, therefoie, that aftei a single large hemoirhage 
medicinal non given subcutaneously does not enable the animal to regain 
a pieMous concentiation of hemoglobin either more quickly oi more 
efhcientl} 

At the end of the experiment the dogs weie killed, and the amount 
of iron in the livers, spleens and bone maiiows was detei mined Table 
18 shows the aveiage figuies obtained 

The gieat increase in the amount of non in the spleens of the injected 
group IS worthy of note It is again e\ident that the failure to inciease 


Table, 19 — 4veiagcs m lion Analyses m Dog Gioup 1 
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DOG GROUP 2 (EIGHT DOGS) 

Large dogs were bled 25 per cent of the blood volume, the hemo- 
globin concentration having been determined shortly before All the 
dogs were placed on the bread and milk diet Six of the animals were 
given 1 5 c c of a 5 pei cent solution of iron and ammonium citrate, sub- 
cutaneously, every second day The hemoglobin concentration was 
redetermined two and a half weeks later, at which time it was much 
lower in the injected group than in the normal nonmjected controls 
This suggested a distinctly toxic effect of the iron , so we reduced the 
dose to one fourth of that pieviously given, and continued the injections 
in other respects as before At the end of one month, the control dogs 
had fully regained their original hemoglobin concentration, the injected 
animals being still far below their original figure The exact figures 


Table 21 — Hemoglobin Coucmli cilwn in Dog Gioup 2 
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Bleeding, 






Dog 

Jin 30 

Tiin SO 

Ecb 11 

Teb 18 
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Nonmjected controls 

1 

1 403 

Bicei 23 per 

1 150 

1 228 

1386 


2 

1 OOS cent of blood 

1 010 
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1213 




volume 
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1 250 


1 101 

1 1G5 

1300 

Injected dogs 

4 

1 213 


0 007 

1 oos 

1080 


5 

1034 


0 871 

1 203 

1003 


0 

1 235 


0 842 

0 948 

0 003 


7 

1180 


0 77S 

0 842 

0 851 


K 

1 274 


OSOC 

0 008 

0 017 


9 

1233 


0 975 

0937 

0 069 

Av enge 


1 190 


osos 

0 930 

0 933 


Table 22 — Aveiagcs m lion Analvics in Dog Group 2 


Lners 
Spleens 

for the controls are 1 25 and 1 3 before bleeding and one month later, 
respectively The corresponding figures for the injected animals are 
1 199 and 0 955 

In this group of experiments, the dogs showed absolutely no advan- 
tage from the subcutaneous use of medicinal iron, it indicates quite 
clearly that a somewhat larger dose than the usual one is distinctly toxic 
The dogs were killed and their livers and spleens examined 
The relatively large amount of iron in the livers and spleens of the 
injected group is in striking contrast to the low figures for the hemo- 
globin concentration in the same group 

hog group 3 (EIGHT DOGS) 

Dog Group 3 was intended to test the value of medicinal iron given 
mtra\ enous y after more or less complete exhaustion of the reserve iron 


Nonmjected Controls Injected Dogs 

26 4 mg per 106 gm of tissue 461 mg per 100 gm of tissue 

14i 2 mg per 100 gm of tissue 320 4 mg per 100 gm of tissue 



WILLIAMSON-ETS—IRON IN ANEMIA 351 

by lepeated bleeding The animals were kept on bread and milk, that 
IS, an iron-pooi diet We pioceeded as follows The hemoglobin con- 
centiation was taken as usual, and then 25 per cent of the calculated 
blood volume was remoied Ten days later another 25 per cent was 
lemoved, and about five weeks later the hemoglobin concentration was 
again determined (lnter^enlng determinations were made, but to save 
space aie not given in Table 22) Then for the third time 25 per cent 
of the blood volume was removed, and following this three of the dogs 
were given intravenous injections of from 1 to 2 c c of a 1 per cent 
solution of the double citrate of non and ammonium thiee times a week 
Both the injected and the contiol dogs were kept on the bread and milk 
diet throughout The dose of non given was approximately that given 
chmcall} to patients, taking into consideration the relative weights of 
man and dog Seventeen and thirty-foui days later hemoglobin concen- 
trations were again taken The results are shown in Table 23 

Table 23 — Hemoglobin Conccnii ation m Dog Gtoiip 3 
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Bled 25 per 





Cent of 

Cent of 


Cent of 




Before 

Blood 

Blood 


Blood 




Bleeding 

Volume 

Volume 


Volume 



Dog 

March 20 
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1 292 
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1 160 
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1 206 
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0 880 

0 955 
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1 222 

diet 
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0 925 

1 021 
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1 047 
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1208 
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diet only 

1003 

1163 

Averngo 

1 177 



1 100 


1019 

1095 
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oon 
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1078 

1027 

10 

1 290 



1 003 

partial meat 

1 081 

1 267 






diet 



A^ orage 

1 117 



0 981 


1080 

1 147 


It will be seen that the results are substantially identical The 
injected animals had a hemoglobin concentration of 1 137 befoie the 
first bleeding, and the last determination showed 1 047 The nonmjected 
controls had 1 177 before the first bleeding, and 1 095 at the last reading 
If we piefer to compare the last reading with those taken just before the 
last removal of blood. May 16 (and this is probably more correct), the 
figures are essentially the same, except that the injected animals showed 
a somewhat greater diminution We have noted the probable significance 
of this fact elsewheie 

As a further control two of the dogs, aftei the third bleeding, were 
placed on a partial meat diet having the same number of calories The 
result was as follows Before the third bleeding, the hemoglobin con- 
centration was 0 981 , on the last reading, one month later, 1 147 This 
shows the manner in which the blood lesponds to the ingestion of food 
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iron, since this group gained neaily 017 whereas the other two groups 
lost 0 16 and 0 10, respective!}^ 

After the last hemoglobin determination, the dogs were killed and 
the iron content of their liveis and spleens determined The results are 
given m Table 24 

The much higher content of the livers and spleens in the gioup 
receiving iron intravenousl}'- is in sti iking contrast with the failure of 
the hemoglobin to increase beyond the figures for the noninjected con- 
trols The great increase in iron in the animals receiving a partial meat 
diet IS woithy of note The last analyses show clearly the difference 
when food iron is fed 

DOG GROUP 4 (TWELVE DOGS) 

In Dog Group 4 the reserve supply of iron in the liver, spleen, etc , 
was again greatly depleted by repeated bleedings, the animals being on 
the bread and milk, i e , iion-pooi diet Twenty-five per cent of tlie 
calculated blood volume was remo\ed at each bleeding The average 
iron-content was first determined on six of the dogs, and found to be 


Table 24 — Averages in lion Analyses m Dog Gioup S 



Milk Diet Onlj 
(Controls) 

Milk Diet Plus 

Iron Injections 

Milk Diet Plus 
Meat 

Lii ers 

8 7 mg per 100 gm 
of tissue 

27 8 mg per 100 gm 
of tissue 

531 mg per 100 gm 
of tissue 

Spleens 

1 18 7 mg per 100 gm 
of tissue 

G-13 1 mg perlOO gm 
of tissue 

4C1 2 mg per 100 gm 
of tissue 


27 3 mg per hundred grams of tissue in the liver, and 118 6 gm in the 
spleen 

Four of the dogs were bled at inteivals of about ten da}s, this being 
the time lequired to be sure that the blood volume i eturns to normal At 
the beginning the average hemoglobin concentration was 1 182 One 
month after the fouith bleeding, the a^elage hemoglobin concentration 
was 0 /49 As 25 per cent of the blood was removed at each 
bleeding and foui bleedings were performed, only 32 2 per cent of hemo- 
globin should remain in the ciiculatmg blood, if none had been thrown in 
from the reserves in the In^ei spleen, etc , or had been taken with the 
food It may be safely assumed that in twenty days that elapsed between 
bleedings the blood volume had been entirely lestored, since we showed 
in Dog Group 1 that the blood volume returns to normal in between 
seven and ten days If not, then a foifiou the percentage of blood 
removed was still greatei Now the aveiage concentration before the 
fir^t bleeding was 1 182 and sixteen days after tbe fourth bleeding 
0 749, that is, 63 5 per cent of the original concentration , so the dif- 
feience between 32 2 per cent and 63 5 per cent , i e , 31 3 per cent, 
had been furnished from the reserve supply if it could not be accounted 
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foi b} the non contained m the biead and milk diet, winch is by no 
means negligible Aloieovei, it is possible that when a great stiain, as 
in this case, is placed on the blood forming organs, food non may be 
utilized to a gieatei degree than when such a strain does not exist 

Iwo additional dogs (Dogs 3 and 4), were treated in precisely 
the same way, except that aftei the last bleeding they were given 10 mg 
of non and ammonium citrate subcutaneously three times a week The 
average hemoglobin concentration in this group before any bleeding was 
1 262 and sixteen dajs after the last bleeding 0 652, i e, 51 pel cent 
of the original hemoglobin concentration This is actually 12 per cent 
less than in the noninjected group 


Table 25 — Hoitoglobiu Conccnti aiions m Dog Gioup 4 


Xoninjcctecl Controls 
Dogs 1, 2, C, 9 


Injected Dogs 
Dogs 3, 4 


Before Bleeding 


March 31 

Mas 24 

June 11 

July S 

July 15 

Aug 1 

1 182 

Bled 237o 

Bled 25% 

Bled 215% 

Bled 25% 

0 749 

1 e , 03 5% 






of original 

r 1 202 

Bled 25% 

Bled 25% 

Bled 25% 

Bled 237o 

0 652 


1 e, 51% of 
original 


Table 26 — Averages m Don Analyses in Dog Gioup 4 


Xoninjeetcd Controls 

Lners 

Dog 1 31 0 tng per 100 gnl of tissue 

Dog 2 2S 1 nig per 100 gm of tissue 

Dog 0 3S 5 nig per 100 gm of tissue 

Dog 9 42 2 mg perlOOgTn of tissue 


Arerngo 30 2 


Noninjected Controls 

Spleens 

Dog 1 noi nig per 100 gin of tissue 

Dog 2 101 ling porlOOgan of tissue 

DogO lllSing pel 100 gill of tissue 

Dog 9 12:10 mg per 100 gm ofti=suc 


crage 107 7 


Divers 
Dog S 
Dog 4 


Injected Group 

79 6 mg per lOO gm of tissue 
83 0 mg per 100 gm of tissue 


\vcTngc 81 3 


Injected Group 

Spleens 

Dog 3 340 2 mg per 100 gm of tissue 

Dog 4 250 8 mg per ICO gm of tissue 


Average 280 5 


The dogs weie then killed and the analyses of the livers and spleens 
showed the lesults given in Table 26 In this group the figuies for each 
dog are given sepaiately, to indicate aveiage variations In all other 
groujis, to save space, only the averages aie given 

It was thus evident that while subcutaneous injections of non given 
to animals in which ovei half the blood had been removed failed to 
mciease the hemoglobin concentiation, they did inciease the iron con- 
tent of both hvei and spleen more than 100 per cent In other words, 
even when theie was an uigent need of hemoglobin in the cii dilating 
blood iron injections failed to increase it, and while the injected iron 
was stoied up in the liver and spleen it was not capable of being con- 
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verted into hemoglobin under our expei imental conditions It might be 
argued that a longer penod of injections might have pioduced an increase 
111 the hemoglobin concentration, but this argument is shown to be 
invalid by the greatly increased iron content of liver and spleen, this 
shows that these organs had an abundance of iron to furnish to the 
blood if only the iron were capable of transformation into hemoglobin 
It might be further argued that the entire iron reserve of the liver and 
spleen, etc , had not been exhausted This may very well be true, but 
hemorrhages that remove between 65 and 70 per cent of the blood 
volume are certainly comparable with very severe anemias, as seen 
clinically Further, it seems certain that if iron cannot be converted 
into hemoglobin, except under a still greater strain on the blood forming 
organs than is produced by hemorrhages of this magnitude, it would 
be pi actically worthless as a remedy 

CONCLUSIONS 

1 Inorganic iron, whether given by mouth, subcutaneously or intra- 
venously, IS absorbed and may be found especially 'in the liver and 
spleen, but is not converted into hemoglobin 

2 Animals made anemic by one or several large bleedings do not 
recover any more rapidly wdien inoiganic iron is given in an} of these 
ways 

3 The efficiency of food iron is veiy pionounced, and animals on 
a diet containing food iron only recover \ ery rapidly from hemorrhages 
that remove an amount of iron greater than exists m the entire body 
outside the blood 

4 In the light of the foregoing experiments, the administration of 
inorganic iron has no therapeutic value in anemia 



VITAL CAPACITY IN A CITIZENS’ MILITARY 
TRAINING CAMP-* 

S A WHITE, MD, \nd P F McGUIRE, MD 
Medical Corps, U S Army 

^\ASHINGTON, D C 

This study of the Mtal capacity of a number of students at an aimy 
summer training camp, the Citizens’ Military Tiaining Camp held at 
Camp Meade, Md , Jul}, 1924, was planned with a threefold pm pose 

1 To obtain accurate vital capacity estimations on a relatively laige 
and homogeneous gioup of individuals The need of further obseiva- 
tions as an aid in arriving at some standard by which we might judge all 
individuals of a given class is certainly great, and the arni}'-, with its 
large and well oiganized summer training camps, offeis a peculiarly 
good opportunity for studies of value in meeting this need 

2 To determine whether oi not the impiovement in general physical 
condition resulting from the tiainmg undergone is accompanied by a 
corresponding change (increase) in the vital capacity This general 
physical impiovement is abundantly evidenced by all othei ciiteria at 
our disposal, and is scarcely subject to doubt fiom any quarter, and 
it would not only be of value to leain whether oi not the vital capacity 
increased in keeping with it, but it might even be that the value of vital 
capacit)'- estimations in general should stand or fall according as it does 
01 does not so increase 

3 To determine, if possible, the value of the vital capacity estimation 
as a criterion of what we call “general physical fitness," as disclosed 
primarily by a thorough physical examination Some such ciiterion, 
while of great importance from the geneial medical point of view, would 
have a peculiar and tremendous value for the military services, for the 
only present means of determining this physical fitness (i e , by thorough 
physical examination) is not only expensive in money, time and energy, 
but admittedly allows of many failures and errors And any readily 
applicable procedure which might, even roughly, separate the “fit” from 
the “unfit” — which might serve as a sort of yardstick fc** measuring or 
classifying the physical manhood of the country — would prove of ines- 
timable military value, especially under the need of a general mobiliza- 
tion, such as arose m 1917 

* From the Physiological Chemistry Laboratory, Department of Preventive 

Medicine and Clinical Pathology, Army Medical School 



356 


ARCHIVES OF INTERNAL MEDICINE 


GENERAL CONDITIONS AND TECHNIC OF STUDY 

The subjects of the present study were all young white men, aged 
fiom 16 to 20 years, inclusive, and coming from the states of Pennsyl- 
vania, Marjdand, Virginia and the District of Columbia They were, in 
some degree, selected from the average run of young men, for, accom- 
panying their applications for admission to the camp was the report of a 
physical examination made by a local physician (fiequently a member 
of the Army Reseive), and this report was considered in approving 
applications To this extent selection was opeiative approved applicants 
were all piesumably in average good health and condition There was 
no other factor of selection concerned, the young men came from both 
urban and rural communities and from various occupations (most of 
them being students), and they are believed to represent fairly the 
healthy ‘noimal” youths of their ages 

Since the vital capacity estimations weie made as a part of routine 
physical examinations, the subjects were almost invaiiably quite nude, 
in the few cases in which this was not true, there was no clothing that 
might have mteifeied with maximal respiiatory effort above the waist 
All observations were made on accuiately calibrated spirometers of 
the ordinary watei -seal type, quite delicately counterpoised, and mounted 
on special bases to permit ready tiansport about the camp Two such 
spirometers were used 

No connection or joint had an internal diameter of less than 1 inch 
except diiectly at the mouthpiece, where detachable nipples of heav} 
glass tubing having an internal diameter of % inch (15 cm ) were used 
A large number of these glass nipples weie mounted firmly m rubber 
stoppers, and the whole, being easily lemovable fiom the rubbei inlet 
hose, was carefully washed in two changes of water and then in double 
strength Dobell’s solution before being again used These nipples ivere 
of a size readily covered and grasped by the lips , eveiy effort was made 
to eliminate leakage, and it is believed that in no leading recorded was 
leakage a factor 

The volume scales on the spirometers wei e gi aduated to 20 c c , and 
readings to the nearest 10 c c were readily made All leadings weie 
made by one or the other of the writers, and great care was used through- 
out to obtain accuracy of the highest degree 

Each man submitted to test was instructed as to what was desired 
of him, and was then given three “chances” or “blows ,” he was urged 
to make his maximal expiratory effort (following maximal inspiiation) 
at each attempt, and was challenged on the second and third attempts 
to better his preceding reading Furthermoie, since every observation 
on ever) man tested was made in the piesence of a number of his 
fellows, ivith a resultant spirit or atmospheie of keen rivalry, it is felt 
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that piactically eveiy reading does lepresent maximal effort at the par- 
ticular time oil the part of the man concerned All readings were 
recorded, and the highest of the three efforts accepted as representing 
the man’s maximal expiratory output The type of expiration i equired 
was a sustained single blow, stai ting more or less gradually, and avoiding 
all semblance of a sudden or violent blast It was found that the usual 
length of the expnatory effort was from about six to seven seconds 

As simple as tbe actual piocedure was, it was found difficult in 
ceitam cases to obtain at first what was believed to be a truly maximal 
expnation, this was due, apparently, to a total lack of knowledge as to 
how to bieathe In such cases, special effoit was exerted to obtain sat- 
isfactoiy results, and, while in most of these the effort was successful, 
111 a few cases it was found impossible to get satisfactory results The 
lattei cases weie not recoided oi considered in the findings heiem 
repoi ted 

It was manifestl}'’ impossible to make observations on tbe more than 
3,500 men who enteied camp in the two days over which the physical 
examinations extended , but it was felt that, if chance alone governed 
the selection of subjects, and a sufficiently laige gioup weie examined, 
a tiul} 1 epresentative ci oss-section of the whole would be obtained 
Accoidingly, the spnometers weie set up m a looin thiough which all 
the men passed on their way fiom the physical examining hall to the 
diessmg looin Theie was a constantly passing stieam of men, with a 
constantly available subject at hand The assistant of the operator of 
each appal atus, on the completion of an observation on one man, simply 
“tagged” the man nearest him in the passing line, who became the next 
subject This method was followed on the occasion of both the incom- 
ing and outgoing examinations Thus, no element other than pure 
chance operated to influence the selection of subjects 

COMMENT ON FINDINGS 

1 Nojinah Bcfoic and After Tiainmg — It is to be noted that the 
two senes of observations, as made on 825 healthy young men before, 
and 443 after, tiainmg, are not made on the same men throughout While 
there were 103 of these men who chanced to have observations made on 
them on both occasions, it was impossible to control this feature, and any 
discussion or conclusions presented herein regarding the effect of the 
training undergone on vital capacity in the normal are based on the 
acceptance of the respective gioups as fairly representing cross-sections 
of the total group of young men at the respective times of observation 

Since there were 103 men examined on both occasions, and since the 
first group of 825 represents appi oximately 23 5 per cent of the men 
accepted for the camp and the second group of 443 is slightly more 
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than 13 pei cent of the men who finished the camp, this assumption is 
not believed to be unfounded Furthermoie, it will be noted on com- 
paring Tables 1 and 2 that the numbers of men in both the total and 
separate age groups in the former are uniformly approximately double 
the corresponding figures in the latter chart This would seem conclu- 
sive evidence not only that the selection of these individuals for study 
was on each occasion directed by chance, but also that both groups are 
respectively i epresentative of the camp totals before and after training 

Tabll 1 — Data on Ejght Hundicd and Tzventy-Fwc “Normal” Men Bcfotc 

Beginning Training 
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Table 1 shows the physical data gathered cn 825 healthy young white 
men between 16 and 20 years of age, inclusive, at the opening of the 
training camp These men were selected by chance (as described above) 
from a group of moie than 3,500 similai ymung men, and as these data 
weie obtained before beginning training, they represent what we might 
expect to find in the average young man of this ty pe and these ages 


Table 2 — Data on Foui Hundred and Foity-Three "Nonnal” Men 

Aftei Tiaming 
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able 2 shows similar data on 443 men similar to the preceding 825, 
at the close of the four weeks’ training period The conditions sur- 
rounding the observations made on the two occasions were identical m 
ever^y respect except that these 443 men had just completed the pre- 
scribed course of training 
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In both Tables 1 and 2 an additional column has been added, showing 
the “vital capacity per square meter of body surface ” This calculation 
IS of value (just as in basal metabolism calculations) in making compari- 
sons between individuals oi between different obseivations at different 
times on the same individual There is no doubt in our minds that the 
body suiface, as determined from the height-weight formula of Du Bois 
and Du Bois, is the physical characteristic to which the expiratory output 
can most correctly be referred foi comparison, and this is the basis on 
which the calculations shown in these columns are made 

IVhile the height and weight measuiements were not made by us 
peisonally, these measurements were made under our observation and 
by individuals fully understanding the need for accuracy, and they are 
believed to be entirely acctii ate and reliable On the other hand, it may 
be remarked that, as a result of our experience m this study, we feel 
that routine chest measurements are not only unreliable but worthless 
These measurements were, however, recorded, and ai e included herewith 
simply to make the record complete 

« 

Table 3 — Compauson of Body Surface, Aveiage Actual Output and Vital 
Capacity m Cubic Ccntimctci s Per Square Mctei of Body Surface foi 
“NoimaV* Men Befotc and After Tiatning (Fioin Tables 1 and 2) 
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4,390 
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68 
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1 74 

4,397 
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£8 
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4,000 
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2,041 

114 
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10 

Before 

00 

1 74 

4,300 



2,604 
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OI 

1 77 

4,7M 
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93 
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7 0 

20 

Before 

18 

1 74 

4,299 



2,407 
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22 

1 75 

4,019 

320 

74 

2,030 

169 

09 

■1\ crage 

Before 
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1 71 

4,200 



2,463 
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413 

172 

4,477 

271 

04 

2,602 

119 

61 

Appendix — Similar axeroges for 103 normal 

individuals examined both before 

and after 

training 









Vr crage 

Before 

103 

1 73 

4, 308 



2,481 




After 

103 

1 73 

1,524 

210 

50 

2,000 

125 

50 


Table 3 bungs togethei from Tables 1 and 2, for the several age 
groups, the body surface, volume output and vital capacity findings for 
the two observations before and after the training It will be seen from 
this chait that every age gioup shows an increase in both actual expir- 
atory output and in the calculated “cubic centimeters per square meter 
of body surface ” The appendix to Table 3 presents the averages of 
the same data foi the 103 men on whom obseivations were made at both 



360 


ARCHIVES OF INTERNAL MEDICINE 


the beginning and the close of camp It will he seen from the figures 
given that the increase in actual a olume output as a result of the train- 
ing amounted to 5 per cent for these 103 men as against the 6 4 per cent 
for the larger corresponding groups covered in Table 3, while the vital 
capacity in terms of cubic centimeters per square meter of body surface 
also increased by 5 per cent for the 103 men as opposed to the 6 1 per 
cent shoAvn by the larger corrbpondmg groups 

This increase of 5 per cent m both actual volume output and vital 
capacity for these 103 men is slightly less than the corresponding 
increases shown hy the larger groups of 825 and 443 men , but, accepting 
the latter figures as being more accurate because of the larger numbers 
concerned, it is evident that these increases approximate from 5 to 64 
pel cent 

As to whether the amount of this increase is of great significance or 
not, we cannot say There is no comparable rvork reported in the 
literature, and these findings are presented for what they may be 
Avorth and Avith the hope that others may check them 

The data obtained at Camp Meade haA’^e been anal} zed m numerous 
Ava} s, and certain obserA^ations may be Avorth i ecording at this point A 
comparison of Tables 1 and 2 aviU sIioav that there Avas no change of any 
moment as a result of the training in either height, Aveight. body surface 
or chest measurements , the increase m actual expiratoiy output and AUtal 
capacity has already been discussed 

The sequence of the A'^olumes of the expiratory efforts Avas tabulated, 
and it AA’^as found that, of the 825 men examined preAious to training, 
14 8 per cent made their maximal effort on the first “bloAV,” 23 9 per 
cent on the second, and 61 3 per cent on the third , AAdnle of the 443 
men observed at the close of the training period, 14 2 per cent made 
their maximal effort on the first attempt, 27 1 per cent on the second, 
and 58 7 per cent on the third These figures sIioaa'^ close agreement 
for the tAvo groups in this respect , it is cAudent that the training did not 
influence the position in the three attempts of the maximal effort, and 
that, in routine Autal capacity estimations on young men, AA’^e can expect 
about 15 per cent to reach their maximal output on the first effort, 25 
per cent on the second, and 60 per cent on the third No relation 
betAA^een the type of individual and this sequence is discernible, and no 
explanation for these facts is available 

While there are no figures to support the observation, it is very 
defimtely the opinion of both of us that youths of the “long AA^aisted” 
t}pe gaA’^e uniformly (and frequently markedly) higher readings than did 
those of approximately the same height but shorter chest conformation 
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jMaii} of these youths of sleiidei stature and with compai ativelv 
small actual chest measui ements far surpassed in expiiatory volume 
those V ith much gi eater actual chest measurement but of shorter thoiacic 
length 

This fact soon became sti iking while making the actual observations 
with the spirometers, and it early became evident that, for youths of 
approximate!}’’ a given height (disregarding entirely the anteroposterior 
and lateral diameteis of the chest) the expiiatory output was at least 
roughly proportional to the length of the thorax Whether or not this 
iras due to a difteience in potential mobility of the chest walls, or per- 
haps to the relative degrees of thoiacic and abdominal breathing, cannot 
be said Neither can we speak with regard to comparative actual lung 
capacity (as opposed to expiratory output) in these men, but it would 
seem certain that we can expect from the slender, long iraisted type of 
\oung man a definitely greater maximal expiiatory output than fiom the 
\outh of appi oximately the same height but of shoitei thoiacic length 

2 G} oup Bcloio Pm on Physical Examination — The purpose of this 
section of the aiticle is to compare vuth the lesults on a normal and 
“ph}sicalh fit ’ gioup of young men, as presented in the pieceding sec- 
tion, the findings on another group of similai young men, of coriespond- 
ing ages and examined in like mamiei , but found, on physical examina- 
tion '‘unfit ’ for full military duty 

This second gioup of young men, found to be either geneially "below 
par” or subject to some abnoimalit}, in eithei case sufficient to prevent 
their (at least immediately) undertaking full military duty, weie 
assigned together in a "Special Training Compaii},” and their training 
piogram, especially for about the first two weeks, differed somewhat 
from that vhich was routine foi the camp at large Theie was no 
seiious organic defect or disease among them, they were sepaiated from 
the other students because it was felt that they would be unable to stand 
the training pace set for the rest of the camp, and that they would piob- 
ably pror e something of a hindrance in any regular training company to 
which they might be assigned Theie was the fuither idea underlying 
the formation of this company of determining what could be done, by 
means of a specially devised and caiefully regulated and graduated sys- 
tem of tiaining, towaid bringing these youths up to the aveiage standard 
of the camp 

The causes for assignment to this special company of the 115 men 
studied are listed on the next page The conditions named are exceed- 
ingly abbieviated summaiies of the findings lepoited by the examining 
medical officeis 
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Underweight only 87 87 

D fective \ ision 5 

Goiter 1 

Underweight with Vnncocele 1 

riitfeet 1 

Defective teeth 1 

.Short leg 1 10 

Pulmonic murmur, systolic function 2 

Mitral insufficitnc) , well compensated 1 

Mitral murmur, sjstolic 1 

Apical murmur, systolic not transmitted 2 

Cardiae conditions Apical murmur, transmitted from left to right 1 

Apical murmur, sj stolic, functional 2 

Cardiorespiratory murmui, apical 2 

Rapid heart with apical cardiorcspiratorj murmur 1 

.Rapid, irritable heart 1 13 

Flatfeet only 2 2 

Spinal curvature, slight 2 2 

Unequal pupils, old traumatic 1 1 


115 

It Will be seen from the foregoing data that ninety-seven (84 per 
cent ) of the 115 men were underweight according to the army’s age- 
height- weight table of requirements, and it may be remarked that, in 
practically every case, the degree of underweight was such as to be 
manifest on casual inspection 

This condition was the pi unary one concerned m the formation of 
the special company, and it was the controlling factor m the training 
schedule outlined for the company 

That there was a distinct physical inferiority manifested by the men 
assigned to this company is definitely borne out by their subsequent 
records in the so-called “physical efficiency test,” which is coming into 
more or less general use among schools and colleges This test consists 
of the bar vault, high jump, broad jump and 100-yard dash, and certain 
arbitrary values are assigned to each for diflferent ages Undei this 
test, according to the company commander’s report, the Special Training 
Company’s average was 39, while the students in the camp at large aver- 
aged 50 5 

With regard to the special handling of these men, they were, in the 
fill St place, under the constant and detailed supervision of a medical 
officer, and the line officers in charge of the company were all selected 
for their aptitude for the puipose m question For the first eight days, 
dulls started one-half hour latei than for the other students, this time 
being spent by the men in their barracks, undergoing inspection, or at 
lectures by the medical officer, etc After this eight day period, their 
drills began at the time routine for the camp Throughout their four 
weeks of training, they had a half-hour rest period from 9 30 to 10 
a m , and again from 3 30 to 4 p m , each day, during both of which 
periods a lunch consisting of 1 pint of milk and graham or similar 
crackers was sensed This lunch was in addition to the regular meals 
ser\ ed at the usual mess hours ' 
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Regarding the diet of these men, the compan> commander, in his 
repoit to the commanding general of the camp, says 

The diet consisted of the same meals as were provided the other citizens 
military training camp companies except that coffee, condiments, certain vegetables 
(such as cucumbers) and pastries were eliminated, and such items as lemonade, 
cocoa, other fresh vegetables, eggs, custards, light desserts and milk were 
added Alilk with graham crackers or any other slightly sweet cookie were 
served at 9 30 a m and 3 30 p m These lunches were highly appreciated 
Cool water was available, and at all times they were urged to drink large 
quantities The men were encouraged to take considerable time in which to 
eat and were neier hurried out of the mess hall 

In addition to the foregoing, much attention was paid to general 
h 5 ^giene of the peison As much time as possible was spent in the open, 
and active play, outdoor calisthenics and games were encouraged and 
paiticipated in by all members of the company 

A complete study of the Mtal capacity before, during and on com- 
pletion of training was made on thirty-eight men of this Special Train- 

Table 4 — AvLiagcs fot Thu fy-Eight Men on JVhoni Fow Obsci-vafions JFeie 
Made, zmth Actual and Percentage Increases Resulting fiovi the 
Training Under gone* 
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Julv 10 

165 4 

49 S 

1 51 

7S0 

70 6 

7 4 

3 721 

2,416 

Tulv IS 

163 4 

504 

1 54 

800 

71 9 

S 1 

3 743 

2,428 

Tuir 24 

163 4 

50 8 

1 55 




3,820 

2,470 

126 

Incrcnso 

0 

12 

0 02 




227 

Per cent 

0 

2 1 

1 3 




tTs 

54 


Appendi-? —Same nveragos lor three observations on ll'> men ol Special Training Companv, 
the last being on completion ol the training program Presented as evidence that data 
given aboro lor thirty eight men are trul\ representative ol the 115 There is remark 
able agreement between figures lor corresponding dates 
Till} 10 105 4 oOO 154 7S 5 71 4 7 1 3,732 2,419 

Tuh IS 165 G 50 4 154 7S 7 71 1 7 9 3 740 2 424 

Tuh 24 105 4 51 0 1 55 3,S5o 2 470 


* The first observation Avns made beloie beginning, and the last on completion ol, tin 
training program 

ing Company The averages of the findings obtained on the four exam- 
inations are presented in Table 4 

The numbet of men so studied is admittedly small, but three subse- 
quent observations in tins “below par” group included 115 men The 
results of these three examinations are given in the appendix to Table 4 
The latter figures, in then remarkable agieeinent ivith those of Table 4 
proper for the corresponding examinations on the thirty-eight men are 
presented as evidence justifying the contention that the figures for the 
thirty-eight men are not only repi esentative of the larger group of 115, 
but also should be accorded the weight of the laiger numbei m diaiving 
conclusions as to the effect of the training on them This the wi iters 
have done, and in comparing this special compaii} wnth the camp at 



364 


ARCHIVES OF INTERNAL MEDICINE 


large, and in drawing conclusions as to the eflfect of the training on the 
two groups, the findings on these thirt 3 ’--eight men have been accepted 
as being truly representative of the entire special company 

It will be seen from a study of the several tables that e\ery recorded 
observation on the “below par” group (with the possible exception of 
chest expansion) is definitely lower than the coi responding figures for 
the “normals ” 

The differences, before training, for bod> surface, actual expiratory 
output and vital capacit) in terms of cubic centimeters per square meter 
of body surface are shown in Table 5 A, while a similar comparison fol- 
lowing training is given m B of the same table 

From these comparative tabulations, it will be seen that the average 
actual expiratory output of the Special Training Company was slightly 
less than 15 per cent below the “normal” at both the beginning and the 
conclusion of training , while the vital capacity of the special company, 

Tvble 5 — Compaiisoii of Body Surface, Average Actual Output and Vital 
Capacity m Cubic Cciitwictcts Per Square Mctci of Body Suiface, foi 
"Noimal” and “Below Pai" Gioiips Before Beginning Tiaintng 
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Special Training Companj 
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Same comparisons, for same groups ns aboac. 

after training 



1 72 

4,4V7 


2,002 



Special Training Company 

1 55 

3,820 

657 14 7 

2,470 

132 
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111 terms of cubic centimeters per square meter of body surface, was below 
that of the “normals,” by 4 4 per cent , before, and by 5 1 per cent 
after, training These facts force the conclusions, first, that while the 
men of the special company were definitely below the normal in both 
actual expiratory output and vital capacity both on beginning and at the 
completion of training, the differences between the two groups were 
approximately the same for both occasions , and second, that the men 
of the special company were benefited by the training in roughly the 
same proportion as Avere the men in the camp at large 

The latter conclusion is borne out by a comparison of Table 4, which 
also shows the increases as a result of training for the special company, 
with Table 3 and its appendix, which present the same data for the camp 
at large For the 103 “noimal” individuals examined at both the begin- 
ning and the end of training, the inciease in actual expiratory output and 
Mtal capacity were both 5 pei cent , for the large cioss-section groups 
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of noimals these increases weie lespectively 6 4 and 6 1 pei cent The 
mciease foi the Special Training Company lies in both cases between 
the pi eceding, being i espectively 6 3 and 5 4 per cent 

CONCLUSIONS 

1 The actual maximal expiratoiy output of the class of normal white 
men covered by the study herein piesented (aged from 16 to 20 years, 
inclusive, and coming from the states of Pennsylvania, Maryland, Vir- 
ginia, and the District of Columbia) langes from about 4,100 to about 
4,400 c c , with an average for the entire group of about 4,200 c c 

2 The vital capacity m teims of cubic centimeters per square meter 
of body surface for the same group ranges from about 2,400 to about 
2,500, with an average of approximately 2,450 

3 The course of training as prescribed in an army summer training 
camp results for all age gioups concerned in an increase in both the 
maximal expiratoi y output and the vital capacity in terms of cubic centi- 
meters per square meter of body surface The increase in each is 
approximately from 5 to 6 per cent 

4 While the definite significance of this degree of increase in the 
vital capacity is not certain, the vital capacity does (to the degree shown) 
increase as the general physical condition of the individual improves 

5 The vital capacity of the young men adjudged “below par” on 
physical examination was, before training, definitely lower than that of 
the “normal,” by 14 6 per cent for the actual expiratory output, and by 
4 4 per cent for the output per square meter of body surface These 
difteiences weie practically unchanged by the training undergone, being 
respectively 14 7 and 5 1 per cent at the end of camp 

6 While the significance of this amount of difference in vital capacity 
between the “fit” and the “unfit” is yet to be detennined, the procedure 
IS, at least to this degree, a measuie of general physical fitness 
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The history of drug treatment m arterial hypertension has not been 
an encouraging one Some of the commonly employed drugs that have 
enjoyed a certain degree of popularity at one time or another are 
tinctures of aconite, veratrum viride and digitalis , potassium lodid and 
sodium lodid, the nitrites (nitroglycerin, sodium nitrite, erythrol tetra- 
nitrate) , chloral hydrate , and the recently introduced benzyl esters, such 
as benzyl benzoate, benzyl acetate and benzyl mandelate It appears 
therefore, rather an impertinence to report on yet another drug to be 
eulogized, tested, doubted and perhaps ultimately discarded 

In the outpatient department at Washington University School of 
Medicine, two patients were referred to us with arterial hypotension, one 
a girl, aged 19, suffering from epilepsy, the other an elderly man The 
former had a systolic pressure of 88 mm of mercury, the latter 104 mm 
It was noted that both patients were taking phenobarbital (luminal) m 
fairly large doses We then recalled that one of our hypertension 
patients had suffered from insomnia and had been given phenobarbital, 
1/4 grains (0 09 gm ) three times a day Looking over his history and 
record sheet, we found that the week following the use of phenobarbital 
his systolic blood pressure had fallen from 250 to 190 mm of mercury 
and his diastolic from 120 to 110 mm Because of these chance observa- 
tions phenobarbital was tested as to its value as a blood pressure lower- 
ing substance in arterial hypertension cases 

Phenobarbital (luminal) and sodium phenobarbital (luminal sodium) 
were first used in Germany in 1912 and have since been fairly widely 
employed both here and abroad in the treatment of epilepsy As their 
value as hypnotics in insomnia, due to restlessness, and as sedatives m 
the treatment of epilepsy are well known, a review of these effects is 
not to be included in this article 

In 1912 Impens ^ first studied experimentally the pharmacology of 
phenobarbital and sodium phenobarbital He determined the hypnotic 

* From the Departments of Pharmacology and Internal Medicine (Outpatient 
Department), Washington University School of Medicine 
1 Impens Deutsch med Wchnschr 38 945, 1912 
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and toxic doses of plienobarbital in tbe cat, dog and rabbit He found 
from 25 to 30 mg per kilogram m tbe cat, 40 to 50 mg pei kilogram in 
the dog and 80 mg per kilogram in the rabbit necessary to produce sleep 
This hypnotic dose was found to be one-fourth, one-third and one-half 
the toxic dose determined for the cat, dog and rabbit, respectively Much 
laiger doses were found to be necessary with sodium phenobarbital 
though the pi oportion to the toxic doses remained the same 

He found phenobarbital and sodium phenobarbital like most other 
hypnotics to reduce blood pressure He cites three experiments on cats 
showing these drugs to produce a decrease m blood pressure He states 
in his preface that the stage of reduction is often preceded by a peiiod 
of mci eased piessure, “Eine Erhohung des Blutdruches vor der Ernied- 
ngung wird Zurveilen beobachted,” and cites the following expenment 
A 2,520 gm cat had a contiol pressure of 130-137 mm of mercury 
before the injection of 0 05 gm per kilogram of sodium phenobarbital 
(luminal sodium) into the jugular vein The time and blood pressures 
following the injection were 

3 minutes, 90 mm S minutes, 134 mm 9 minutes, 146 153 mm 

14 minutes, 145 mm 24 minutes, 151 mm 22 (or 32’) minutes, 148 166 mm 

44 minutes, 124 ISO mm 71 minutes, 112 140 mm 84 minutes, 114 130 mm 

It Will be seen that if a rise in blood pressure can be attiibuted to 
the drug in this experiment it must have occurred after the fall m blood 
pressure and not before 

He found the rate of respiiation to be decreased but the depth 
increased by phenobaibital Large doses produced respiratory paralysis, 
the heait continuing to beat some time longer The kidneys were not 
damaged although part of the drug passed through them unchanged, the 
remaining portion being destioyed m the tissues Wetzel ^ finds it possi- 
ble to produce deep sleep in experimental animals with phenobarbital, 
without change in respiration and circulation 

Gruber and Baskett “ noted that sodium phenobarbital and phenobar- 
bital decrease the blood pressure in dogs, cats and rabbits when given 
intravenously, mtraperitoneally or by mouth They produce accelera- 
tion of respiration with decreased depth in small doses and respiratory 
paralysis with large doses only The heart was noted to be slowed in 
rate, deci eased in force of contraction and slightly dilated The cuta- 
neous and kidney blood vessels dilate simultaneously with a constriction 
of those of the spleen and loop of intestine Perfusion experiments 
showed sodium phenobarbital to act peripherally and not centrally The 
secretion of urine was not interfered with until the blood pressure 
became low 

2 Wetzel Berl kliii Wchnschr 49 937, 1912 

3 Gruber and Baskett J Pharmacol & Exper Therap 30 219, 1925, J 
Lab & Clin Med 10 630, 1925 
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Gregor^ tested the side actions of phenobarbital (luminal) on the 
blood pressure in human beings In eighty cases tested, he observed a 
fall in blood pressure with 0 2 gm twelve hours after administration in 
t\vo instances onl} He emplo3fed 0 4 gm each in seven women 
(Table 1) 

It will be obser\ ed that failure of the drug to produce a fall in blood 
pressure occurred in one case only and that, the only hypertension case 
in the series 

Loewe ° noted a fall in blood pressure after prolonged use of pheno- 
barbital and considered this a side action of the drug 

Rissmann “ and Miltner ' report the use of phenobarbital in sixty 
cases of eclampsia, but give no data as to its value on blood pressure 


Table 1 — Results of 0 4 Gut of Phcuobaibilal (Ltimmal) tn Seven 

JVometi (Giegor) 


Blood Pressure Before 

Blood Pressure 12 Hours Later 

150- 92 

12C- 

84* 

124- S2 

104 - 

T3 

142- SO 

130- 

SS 

184-100 

168- 

192 

124- C7 

114- 

74 

144-100 

114- 

74 

140- 90 

130- 

SO 


* Later two attempts to reduce blood pressure failed 


/ 

Miltner does say, however, that it is valuable in this condition in that it 
lowers blood pressure and acts as a sedative to the respiratory system 
He makes no further note as to how it affected the blood pressure in his 
cases, but states that venesection was resorted to in extreme cases Since 
their observations, no one has recorded a fall in blood pressure, although 
over 2,000 cases have been reported on the use of phenobarbital in the 
treatment of epilepsy by Kino,® La Rue and Thornburgh,® Goldstein,^® 
Dercum,^^ Kirk,^- Raecke,^® Austin,^^ Foley Fuchs,^® Darling,^' 

4 Gregor Therap Monatsh 36 418, 1912 

5 Loewe Deutsch med Wchnschr 42 947, 1912 

6 Rissmann ]\Ied Kim 11 427, 1915, Ztschr f Geburtsh u Gynak 
40 377, 1916, ibid 41 425, 1917 

7 Miltaer, T Monatschr f Geburtsh u Gynak 53 137, 1920 

8 Kino Therap d Gegenw , September, 1912 

9 La Rue, F G , and Thornburgh, H T Kentucky M J 21 681 (Dec ) 1923 

10 Goldstein Deutsch med Wchnschr 38 987, 1912 

11 Dercum, F X J Nerv & Ment Dis 1 168, 1919 , Therap Gaz 43 609 
(Sept.) 1919, J Ment Sc, July, 1914 

12 Kirk, C C Am J Insan 77 559 (April) 1921, J Arkansas M Soc 
17 128 (Nov) 1920 

13 Raecke Med Kdin 8 865, 1912 

14 Austin, M L Ohio State M J 17 683 (Oct ) 1921 

15 Foley Institution Quart , Springfield, 111 , June 30, 1921 

16 Fuchs Neurol Centralbl 33 128, 1914 

17 Darling, I A Arch Neurol & Psychiat 9 478 (April) 1923 
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Galla/® Grinker/® Watkins,-® Sands, Small,-® Hughes,®® Hauptmann,®'* 
and others 

METHOD 

Ihe method was practically the same as that used m studying the 
eftect of benzyl benzoate on aitenal hypertension ®® In all instances 
the patients selected for this investigation had systolic blood pressures 
over 175 mm of meicury at the beginning of observation Some of the 
patients u ei e the same ones previously reported on ®® In all cases except 
one, the blood of these patients gave a negative Wassennann reaction 
Except m the hospital cases, all the blood pressures were taken with the 
same mercury manometer The maximum pressures were determined 
by the Koiotkoff sounds®® with a stethoscope The fourth sound was 
taken as the diastolic pressure 

The ambulatory patients were seated near a desk m a quiet room 
The left arm, from which the blood pressure readings were made, rested 
comfortably on the desk Blood pressure readings were taken within 
two minutes after the patients had sat down and thereafter at ten minute 
intervals for twenty or more minutes These pressures were then aver- 
aged to give the figures presented m Table 2 In all the observations 
the subjects were requested to sit as quietly as possible and not even to 
speak to the observer In the hospital cases, the patients were kept in 
bed and the pressure taken while the patient was in the recumbent posi- 
tion As nearly as possible the blood pressure readings were taken at 
the same hour each day These were recorded for several days or even 
weeks until the control blood pressure level was established before the 
drug was prescribed In the early observations readings were taken 
either every day or every other day, but later they were taken at weekly 
intervals As nearly as possible, the patients were kept on a prescribed 
low protein diet 

All the ambulatory patients received 15 drops of a saturated aqueous 
solution of potassium lodid three times a day Some of the patients 
received in addition 10 or 15 (depending on the size of patient) drops 
of tincture of digitalis three times a day As long as the blood pressure 
was falling under this treatment and diet, phenobarbital was withheld 
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ARCHU^ES OF INIERNAL MEDICINE 


Phenobarbital was not pi escribed in larger doses than grams 
(0 09 gm ) three times a day (In one case tbe patient took by mis- 
take without ill eftects 3 grains [0 19 gin ] three times a day for four 
days ) Smaller doses were given to some patients and to some 
grains (0 09 gm ) were given less frequently 


RESULTS 

Here, as in our previous article,-® temporary rest alone caused a 
marked fall in blood pressure In some patients the preliminary treat- 
ment of potassium lodid and digitalis markedly lowered the blood 
pressure 


Table 3 — Effect of Plteuobaibilal on Blood Pjcssiuc %n Patients zvith 
Attcnal Hypci tension at Rest in Bed '■ 


Blood 

Num 


^ umber Number 

Blood 

Blood 

Pressure 

her 


of 

of 1% 

Pressure 

Pressure 

on 

of 

Blood 

Dais 

Grain 

During 

After 

Admis- 

Uijs 

Pressure 

Phono 

(0 09 

PI cno- 

Pheno 

Sion 

Best 

After 

barbital 

gm ) 

barbital 

barbital 

to Hos- 

m 

Rest m 

Was 

Doses 

Treat- 

Was Dis Di ignosis and 

Case pital 

Bed 

Bed 

Given 

a Day 

ment 

continued HemarLs 

1 STS-ISS 
Age 40 

9 

246-134 

3 

3 

208-128 

224 112 M\ocnrditis chronic mitral 
insufficiency, canes of 
teeth, general arteno 
sclerosis, glaucoma 
chronic interstitial ne 
phritis, hypertrophy of 
heart 

2 230-142 

Age 39 

0 

240-140 

3 

3 

190 no 

220-128 Chronic interstitial ne 
phritis, optic neuritis 
canes of teeth, general 
arteriosclerosis, nietas 

tatic carcinoma of cal 
sarium (osteoplasticl, 

chronic tonsillitis, sphe 
noidal sinusitis 

3 200-148 

Age 57 

3 

248-135 

10 

3 

175-105 


4 210-185 

Age 44 

J 

205-128 

190-120 

7 

O 

2 

108-100 

170-100 

190120 Mitral regurgitation, car 
diac hypertrophy, car 


diac decompensation, 
chronic interstitial ne 
phritis, erysipelas The 
patient di^ suddenly 


5 220-120 

3 

210-115 

4 

3 

lSO-105 

190-110 Arteriosclerosis, general. 

Age 64 






cliromc constipation 

6 220-108 


209-104 

10 

3 

100- GO 

Mitral regurgitation, arte 

Age 48 






nosclerosis 

7 240-160 

8 

230-143 

21 

3 

175-120 

Arteriosclerosis, chrome m 

Age 60 






fectious arthritis 

8 210 148 

4 

204-140 

4 

3 

170-120 

Arteriosclerosis, chrome in 

Age 54 



6 

1 

100-110 

terstitial nephritis 


* The blood Wasermann reaction was negative in all eases All the patients nere nliite 
women varying m age from 39 to 61 years 

The immediate results with phenobaibital on arterial hypertension 
were satisfactory We have used this drug in the treatment of hyper- 
tension in twenty-seven ambulator}'- and eight hospital cases (Tables 2 
and 3) In some instances use has been almost continuous for as long 
as eight months with beneficial results In others the phenobarbital 
ceased to have an effect after three or four weeks’ administration In 
the ambulatory patients thus treated, a definite fall in arterial blood 
pressure was noted in twenty-three of the twenty-seven cases In some 
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of these the drug was tested several times with the same results In 
the four instances in which it was not effective, Cases 4, 15, 20 and 22, 
two of the patients appealed to have severe nephritis with cardiac 
decompensation The blood nonprotein nitrogen was high and the urine 
contained large amounts of albumin Cases 4 and 20 showed passive 
congestion of the lungs and liver, edema of the extremities, and no 
doubt there was a similai involvement of the kidneys In addition, 
Case 4 was very obstinate and some doubt has arisen as to whether or 
not the patient had followed aii)'' part of the treatment outlined Both 



Fig 1 — Curve plotted from the data obtained from Case 2, Table 2, a colored 
woman, aged 68 In this and the following figures, the blood pressure in milli- 
meters of mercury and the percentage of phenolsulphonephthalem excretion for 
two hours arc plotted on the ordinate, the former figures are to the left of the 
line, the latter to the right, and the time in days on the abscissa The top 
record is the systolic blood pressure, the middle the diastolic, and the bottom 
record the phenolsulphonephthalem excretion In all cases the average of the 
three (ten minute intervals) readings is plotted 1, blood pressure on the daj 
before phenobarbital, VA grams (0 09 gm ) three times a day was administered, 
2, phenobarbital discontinued 


patients were recommended for hospital treatment, which Patient 4 
declined The third case was that of a colored woman, aged 27, 
Case 15 She had been treated in every way available in the dispensary 
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without beneficial results In this case, nitroglycerin, %o gram, caused 
a rise in blood pressure , sodium nitnte, benzyl benzoate, salt restriction 
etc , had no effect 

In the twenty-three cases in which phenobarbital was effective, the 
fall in systolic pressure varied during the first series of administrations 
from 14 to 60 mm of mercury, with an average of 35 mm The fall 
in diastolic pressure vaned from 0 to 30 mm of mercury, with an 
average of 13 mm (Table 2 and Charts 1 and 2) In order to conserve 
space in Table 2, the average readings are given, i e , the average of 
the three readings taken on a single day Although many blood pressure 
readings were made while the patient was under our observation and 



Fig 2 — Curve of Case 12, Table 2, a white man, aged 61 1, phenobarbital 

3 grams (0 19 gm ) three times a day , 2, ^ gram (0 04 gm ) three times a day , 3, 
phenobarbital discontinued, 4, 1^2 grains (0 09 gm ) three times a day, 5, % gram 
(0 04 gm ) once a day , I, nonprotein nitrogen, 40 mg per hundred millimeters 
of blood and phenolsulphonephthalem, 37 per cent , II, nonprotein nitrogen, 36 3 
mg and phenolsulphonephthalem, 40 per cent , III, nonprotein nitrogen, 40 8 mg, 
and phenolsulphonephthalem, 42 per cent 


treatment, only the blood pressure on the day immediately before treat- 
ment and the lowest pressure during treatment and again the highest 
pressure following treatment are given here We have thus far found 
no indication that phenobarbital increases blood pressure before pro- 
ducing its depression as was thought to be the case by Impetis 
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Charts 1 and 2 aie piesented to show inoie clearly the effect of 
phenobaibital on both systolic and diastolic blood piesstiies In Chart 1, 
a coloied woman, aged 68, was tieated in the loiitine mannei in the 
dispensary foi several weeks before leceiving phenobarbital Her 
average blood piessure detei mined in millimeters of mercuiy on entiance 
was 230 S 5 'stolic and 121 diastolic This fell to 219 systolic and 115 
diastolic aftei twenty days of routine treatment Phenobarbital, 
1/4 giams (009 gm ), three times a day was given at 1 Two days 
later the aveiage blood piessure foi the thiee ten minute periods was 
184 systolic and 98 diastolic, and four days later, or six days after 
beginning treatment, it was 171 systolic and 102 diastolic Pheno- 
barbital tieatment was then withdiawn and the systolic piessure 
returned to 215 mm of mercur}^ and the diastolic to 110 

In Chait 2, a white man, aged 61, who had previously submitted to 
a twelve da} course of benzyl benzoate tieatment without lesults,^^ 
was given phenobarbital Thiough some misunderstanding, this patient 
took 3 grains (0 19 gm ) of phenobarbital thiee times a day for four 
days at 1 His aveiage systolic blood piessuie for the thiee leadings 
foi the day fell from 227 to 169 mm of meicuiy and his diastolic 
fioni 109 to 98 At 4, the patient took 1^4 giams (009 gm ) three times 
a da) with good lesults, as seen in the chait Smaller doses were less 
effective m lowering blood piessuie at 2 and 5 In the chart, each 3 
indicates a discontinuance of phenobaibital admimstiation 

hospital cases 

It may be thought that the fall m blood pressuie m the ambulaton 
cases undei phenobarbital tieatment was due to the hypnotic action of 
the ding and consequent quieting of the patient Such, howeiei, is not 
the case Phenobaibital produces the same effect in patients at lest as 
in those up and about This mode of therapy was tested in eight hospital 
cases The first two cases in Table 3 weie cases in Barnes Hospital, 
while the otheis weie patients at St Louis City Hospital The fall 
111 blood piessure in these cases was as maiked as m oui ambulatory 
cases 

The lesults obtained fiom Patient 1 are plotted in Chait 3 In 
Chart 3, the patient had been kept in bed for six days befoie pheno- 
baibital was started at 1 She leceived 1/4 giains (0 09 gm ) of 
phenobarbital three times a day at 1, at 2 the same quantity twice, and 
at 3 once a day At 4 the tieatment was discontinued It will be 
seen that the average of the six readings of the systolic piessure befoie 
tieatment and the aveiage of all the leadings following it show a fall 


27 Gruber and Schakclford (Footnote 25, Fig 4) 
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of 36 mm , and that the average diastolic pressure fell 15 mm of 
mercury The maximum systolic fall was 54 mm and the maximum 
diastolic fall was 34 mm of mercury 

CrrECT OF PIIENOBARBITAL ON KIDNEY FUNCTION 

Although phenobarbital is eliminated m the urine, most observers 
agree that it has no detrimental effect on the kidneys Among these 



Fig 3 — Curve of Case 2, Table 2, a white woman, aged 39 The top record 
IS the systolic blood pressure, the bottom record diastolic blood pressure The 
time in days is plotted on the abscissa and the blood pressure m millimeters of 
mercury on the ordinate 1, phenobarbital given, grams (0 09 gm ) three 
times a day, 2, phenobarbital, grains twice a day, 3, phenobarbital, grains 
once a day , 4, phenobarbital discontinued , 5, average of all the blood pressure 
readings after phenobarbital 

are Impens,’- Kino,® Kirk,^- Weber,-® Stem and Geisler Goldstein,^® 
Hueber®’^ and Phillips®® repoit the appearance of albumin in the urine, 

28 Weber, Hannes Therap Halbmonatsch 35 467 (Aug 1) 1921, Klin 
Wchnschr 1 998 (May 13) 1922 

29 Stem, J Therap Halbmonatsch 34 387 (July 15) 1920 

30 Geisler Munchen med Wchnschr 59 922, 1912 

31 Hueber Munchen med Wchnschr 66 1090, 1919 

32 Phillips, John Phenobarbital (Luminal) Poisoning, J A M A 78 1199 
(April 22) 1922 
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and the latter autlioi believes it also capable of pioducmg nephritis 
Our obseivations in the mam support the former view, but certain 
changes m the phenolsulphonephthalein excretion were noted m our 
patients while under phenobarbital treatment In most instances shortly 
aftei starting treatment, the percentage of phenolsulphonephthalein 
excretion inci eased This is observed in Charts 1 and 2 and in Table 2 
We might be inclined to believe this to be due to an increased kidney 
function as a lesult of the fall in blood pressure except foi the fact 
that an increase occurred in some cases in which the blood pressure was 
aheady fairly low On the other hand, prolonged administration seems 
to deciease the rate of elimination of phenolsulphonephthalein (Table 2) 
This may be explained as being due to increased rate of destruction of 
the phenol derivatives after the tissues have been exposed to pheno- 
barbital for a long time After the withdrawal of phenobarbital for a 
short time the phenolsulphonephthalein excretion appears to be restored 
to Its former level These results do not attempt to prove anything but 
are simply suggestive of changes since wide vaiiations from week to 
week occur, even in normal subjects 

The effect of phenobarbital on the kidney function was studied on 
two female dogs These animals weighed 20 kg each, and were given 
phenobarbital by mouth The phenolsulphonephthalein readings were 
taken before and during administration The urine was collected by 
catheterization One animal received phenobarbital, grains (0 09 
gm ) thiee times a day for fifteen days, after which time she was given 
3 grains (0 19 gm ) thiee times a day for nine days The other was 
started at once on 3 grains (0 19 gm ) thiee times a day, and was 
given the drug for nine days The results were quite uniform The 
percentage of phenolsulphonephthalein excreted in Dog 1 before the 
drug was given was 58 and 54, and during the drug administration 49, 
65, 42 and 50 per cent In Dog 2 the contiol readings were 44 and 

47 per cent , and those while the animal was taking the drug wei e 

48 and 47 per cent Phenobaibital as far as we could deteimme has 
no effect on the kidney function when given in even as large doses as 
9 grains (0 6 gm ) per day The urine showed no casts or albumin 
It gave a definite sugai reduction with Benedict’s and Fehhng’s solu- 
tions on prolonged boiling This may be due to the elimination of 
phenobarbital m combination with glycuromc acid It seems, therefoie, 
that the lesults noted m our patients must have been due to othei factors 
than the administration of phenobarbital 

TOXICITY OF PHENOBARBITAL 

Many men who have used phenobarbital m the tieatment of epilepsy 
lielieve that the use of phenobarbital without discrimination will he 
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followed by lamentable results It is not atoxic Prolonged use in small 
doses or its use in large doses over a shorter period may be accompanied 
by a variety of toxic symptoms This is especially true in hyper- 
susceptible pel sons There have appeared in the literature over 100 cases 
of poisoning with four fatalities attnbuted to its use Any or all of the 
following symptoms may be noted after prolonged use of fairly large 
doses asthenia, ataxia, vertigo with a tendency to fall backward, 
either dilatation or constriction of the pupils, conjunctivitis, nystagmus, 
diplopia, blindness, sleepiness to complete loss of consciousness, head- 
ache, mental apathy, hallucinations (auditory and visual), delusions and 
mental defects (tendency to cry), also mental sjmptoms simulating 
alcoholic intoxication (the patient becoming loquacious, excited, exalted 
and manifesting a flippant behavior), slow slurring speech to total loss, 
inflammation of pharynx, swollen reddened tongue, with denuded 
epithelial areas, which takes on a raw, beefy appearance, red gum line, 
appearance of thin walled blisters filled with blood fluid on the lips, 
which later ulcerate, anorexia, nausea, vomiting, diarrhea with mucous 
stools containing blood, atony of the intestine, atony of the urinary 
bladder, either anesthesia of the skin or pruritis, cutaneous rash 
resembling measles oi scarlet fever, with small petechiae, increased 
body temperature, Cheyne-Stokes respiration, eithei bradjcardia or 
tachycardia, and fall in blood pressuie 

Although a host of changes are seen in toxic cases, yet the drug is 
relatively nontoxic when given properly The range between the 
therapeutic and the toxic dose is laige Patients have taken as much 
as 3 gm of phenobaibital in a single dose without causing death,®® and 
the four deaths attributed to phenobarbital were probably not wholly due 
to the drug but due to other causes The most common symptoms are 
sleepiness, asthenia, vertigo, ataxia and pruritis In the literature the 
cutaneous rashes were reported thirty-four times in 109 toxic cases by 
Gregor,^ Galla,^® Grinker,^® Weber,®® Hueber,®^ Phillips,®® Patschke,®'* 
Emanuel,®® Greenwald,®® Haug,®^ Blichert,®® Eder,®® Herrmann,'*'’ 
Ashmore,^*- von Klebelsberg,^® Zimmermann,'*® Strauss,'*^ Chargin ‘*® and 

33 Nicolai Klin Wchnschr 2 1891, 1923 

34 Patschke Neurol Centralbl 31 899, 1912 

35 Emanuel Neurol Centralbl 31 563, 1912 

36 Greenwald, J G New York M J 116 356 (Sept 20) 1922 

37 Haug Munchen med Wchnschr 66 1494, 1919 

38 Blichert Ugesk f Laeger, Kjdbenh 75 1149, 1913 

39 Eder Therap d Gegenw , Berlin, 53 258, 1912 

40 Herrmann, R Klin Wchnschr 2 212 (Jan 29) 1923 

41 Ashmore, B L Boston M & S J 187 950 (Dec 28) 1922 

42 Von Klebelsberg Psychol Neurol Wchnschr , 1912, p 415 

43 Zimmermann Therap Halbmonatsch 34 79, 1920 

44 Strauss Therap Halbmonatsch 31 338, 1917 

45 Chargin, L Transactions New York Academy of Medicine, Arch 
Dermat & Syph 6 222 (Aug ) 1922 
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others This rash is usually described as resembling measles or scarlet 
fevei Rosen enumeiates four types of phenobarbital eruptions of 
the mucous membranes the pemphigoid, morbilliform, scarlatimform 
and erythema multiforme Chargin believes ethylphenylbaibitunc acid 
eruption to be due to the amido oi the phenyl radical which presumably 
breaks up certain of the proteins in the system causing them to act 
much like foreign proteins The fact that phenobarbital produces 
cutaneous vasodilatation m this area may be an important factor in the 
production of the rash The drug may produce here a capillary paralysis 
as well as a relaxation of the arterioles and venules 

The four possible fatal cases reported in the literature as a result of 
phenobaibital administration are those by Schaefer Hueber,®’^ Rosen- 
berger and Ashmore Schaefer administered to a male patient with 
chronic bronchitis and marked arteriosclerosis 0 4 gm the first night 
and 0 5 gm subcutaneously the second evening Five days later, the 
patient developed hypostatic pneumonia and heart failure from which 
he died The case reported by Hueber was that of a man, aged 40 
He was given about 0 5 gm of sodium phenobarbital a day Thirty 
days later, he developed a rash, anuria, fever, cough, vomiting and 
active tuberculosis His death was due to the development of active 
fulminant miliary tuberculosis Hueber doubts very much if death was 
due to the drug but believes that it may have been a contributing factor 
Rosenberger’s case was that of a woman, aged 31, who took forty 
1 gram tablets of phenobarbital and 10 c c of tincture of opium for 
suicidal purposes She died two days later Ashmore reports a case of 
a negro man, aged 36, who had taken phenobarbital for forty-one days, 
after which an eruption appeared on the face and body but disappeared 
when phenobarbital was withdrawn Without further treatment, four- 
teen days following the first appearance the eruptions reappeared This 
was accompanied by edema of the eyelids, conjunctivitis, and reddened 
membranes of the mouth and throat The tonsils and tongue were 
swollen, and he presented symptoms of acute bronchitis The tempera- 
ture did not go above 102 6 F , the pulse rate above 124, or respiration 
rate above 30 The spots that were separated became more noticeable 
and confluent and took on the form of a desquamating eczema, with a 
tendency to ulcerations with pustule formation The patient died twenty- 
seven days after the first appearance of the symptoms 

In our cases (Table 2) we noted no rashes Some of the patients 
complained of intoxication with a tendency to fall backward, sleepiness, 

46 Rosen Transactions New York Academy of Medicine, Arch Dermat 
& Syph 6 223 (Aug ) 1922 

47 Schaefer Berl klin Wchnschr 49 1038, 1912 

48 Rosenberger Med Klin 15 1150, 1919 
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vertigo, pruntis, a pricking sensation of the skin and asthenia None 
of these symptoms were sufficiently severe to require reduction of the 
dose to less than grains (0 09 gm ) twice a day 

COMMENT 

Phenobarbital (luminal) caused a fall in arterial blood pressure in 
the treatment of arterial hypertension in about 85 per cent of our cases 
On prolonged use it became less and less effective There were observed 
no serious side actions It is, as far as we know, nonhabit forming, 
according to Dercum,^^ Kirk,^- Raecke,^® Darling,^’’ Grmker,^® Haupt- 
mann,-'* Bruhl and Wender and Sampson In our own cases, it 
was withdiawn without the slightest psychic effect on the patients After 
withdrawal we did not note in any instance a marked increase in blood 
pressure above the control level and m many cases it remained low It 
seems to have less effect on the increased blood pressure m cases of acute 
nephritis with cardiac decompensation than on the chronic nephritic cases 
and on hypertension obsened in arteriosclerotic ones There appeals 
to be some cumulative action, and we believe that the drug should 
be discontinued for a short time and the patient treated either m a 
routine manner or with sodium nitrite during these intervals Prolonged 
use appears to decrease phenolsulphonephthalein elimination in the urine 
after an interval of increased elimination The mode of action has not 
been determined 

Most of our patients said the^ felt improved, were temporarily at 
least stronger and had less headache until the toxic effect was i cached 
The authors warn against a too sanguine view of phenobarbital in the 
treatment of hypertension It is at best not a cure, altbough the 
improvement in many instances appears most gratifying We have 
cited absolute failure m four cases 

SUMMARY 

1 Phenobarbital deci eased the arterial blood pressure m 85 per 
cent of our cases of hypertension m which it was used 

2 It appears to become less and less effective in most instances 
on prolonged administration 

3 It has the same effect on both ambulatoiy and hospital patients 

4 In moderate doses it has probably no harmful effect on the 
kidney tissues and on the phenolsulphonephthalein excretion Immedi- 
ately with the fall in blood pressure the phenolsulphonephthalein 
excretion is increased but later, m some instances, its elimination is 


49 Bruhl, F Munchen med Wchnschr 67 990 (Aug 20) 1920 

50 Wender, L, and Sampson, D G New York M J 116 336 (Sept 20) 1922 
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diminished The elimination again returns to its original level after 
wnthdiawal of the drug 

5 It pioduces maiked toxic symptoms in large doses and there- 
fore should not be prescribed indiscriminately 
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The constanc}^ in the basal metabolism of human beings has been 
emphasized recently by Lusk and DtiBois,^ who compiled data showing 
that a man between 30 and 40 years of age may show a basal metab- 
olism during eleven years within a variation of ±; 7 6 per cent Zuntz ® 
likewise lecorded his basal metabolism at intervals over a peiiod of 
twenty-nine years with little variation Other physiologic measurements 
such as body temperature, pulse rate and, in lesser degree, blood pres- 
sure under favorable conditions show a similar uniformity 

A high environmental temperature is an important factoi in altering 
this uniformity in physiologic reactions, and often in certain industries 
marked deviations from the normal occur in workmen who are daily 
exposed to abnormally high temperatures 

While the human body has the ability to adapt itseif to a fairly 
wide range in temperatures, its capacity for adjustment is limited 
It has been stated in the literature that watei drunk freely during 
exposure to high air temperature prevents disaster m periods of thermal 
stress and may even prevent a rise m body temperature, but the work ® 
carried on at the Pittsburgh Experiment Station of the Bureau of 
Mines jointly with the Research Laboratoiy of the American Society 
of Heating and Ventilating Engineers clearly demonstrates that water, 
even when taken in large quantities, had little or no influence in pre- 
venting a rise in body temperature in human beings 

1 Lusk, Graham , and DuBois, E F On the Constancy of the Basal 
Metabolism, J Physiol 59 213 (Oct ) 1924 

2 Zuntz, N, and Loewry, A Berl klin Wchnschr 54 82S, 1916, Biochem 
Ztschr 90 244, 1918 

3 McConnell, W J , and Houghten, F C Some Physiological Reactions 
to High Temperatures and Humidities, J Am Soc Heat & Vent Eng 29, 
No 2, March, 1923 McConnell, W J , Houghten, F C, and Yagloglou, C P 
Air Motion, High Temperatures and Various Humidities Reactions on Human 
Beings, J Am Soc Heat & Vent Eng 30, No 3, March, 1924 
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While there is considei able mateiial available foi the study of 
changes in body teinpeiatuie, pulse fiequency and blood picssuie, little 
woik has been done on human beings showing the relation between 
the metabolic late and external temperature conditions 

The difficulty in establishing this i elation piobably has been due to 
the fact that in high temperatuies the wet bulb tempeiature of the an 
becomes inoie important than the dry bulb temperatuie in influencing 
the hunian body In addition, air movement, if any, constitutes an 
equally important factoi and m many instances the most powerful of 
the thiee The difficulty in evaluating the lelative importance to be 
attached to these three measuiements has only been recently obviated 
thiough the development of the effective temperatuie index, which 
combines the three physical an factors into a single index 

On this index depends the comfoit or discomfort of human beings, 
as far as atmospheiic heat is concerned, and because of the fact that 
It also detei mines the physiologic effects of heat on the human body it 
has been called “effective tempeiature index ” 

EFFECTIVE TEMPERATURE 

To form a clear conception of what effective temper atm e is, it will 
be desirable to take up briefly the development of this index In 
Figure 1 the horizontal scale lepiesenls the diy bulb and the vertical 
scale the wet bulb temperatuie of the air When the air is saturated 
with moisture the dry and the wet bulb temperatures have the same 
numeiical value Therefore, the diagonal line ob represents the satura- 
tion line Suppose now that there are two chambers in which the 
tempeiature and humidity can be controlled independently of each 
other, and that a saturated condition of 70 degrees is produced and 
maintained in one of the chambers This condition is represented in 
Figure 1 by e If the wet bulb temperatuie in the second chamber is 
kept lower than that in the first chamber, and the feelings of warmth 
of the two are compared by human subjects, it will be found that its 
diy bulb temperatuie must be increased for the warmth and comfort 
of the two conditions to be the same This also follows from a con- 
sideration of the fact that the human body loses heat first by radiation 
and convection, which depends on the dry bulb temperature of the an 
and of the surrounding walls and objects, and second by evaporation 
of moisture from its surface, the latter depending on the wet bulb 
depression (arithmetical difference between the dry and wet bulb tem- 
perature of the an ) Thus an air condition with a dry bulb temperature 
of 72 5 degrees and a wet bulb tempeiature of 68 degrees, represented 
by d, will be found equally warm and equally comfortable as the satu- 
rated condition of 70 degrees when the comparison is made by indi- 
viduals stripped to the waist and in still an 
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If the wet bulb temperatuie in the second room is further i educed, 
keeping the saturated condition in the first room constant, a still higher 
dry bulb temperature will be required for the same degree of comfort 
Thus, conditions represented by c and f will be found to be equally 
u arm as the original condition at c A line drawn through these points 
gives all othei equivalent conditions of the same degree of warmth 
and comfort 



70 75 60 65 90 

DRY BULB TEMPERATURE 

Fig 1 — Equivalent conditions of temperature, humidity and air movement 
of 300 feet per minute, corresponding to an effective temperature of 70 degrees F 

In similar mannei other lines can be determined with lower and 
higher saturated temperature conditions in the first room, giving thus 
a series of lines, one for each degree of saturation temperature The 
numerical value of these lines is fixed by the saturation temperature of 
their equivalent condition , for instance, line cf is the 70 degrees effective 
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tempeiature line with still air, \\hile the next higher is the 71 degrees, 
and the next lowei is the 69 degrees effective temperature line 

In the foregoing procedure all conditions of the same effectue 
tempeiatuie index were called “equivalent conditions of tempeiature 
and humidity" only, so far as they were determined with still air in 
both chambers If now in one of the chambers the conditions repre- 
sented b} c, d, e and / are produced successively with still air, and a 
ceitam uniform velocity is set up in the second chamber, it will be found 
that with the same relative humidity in both chambers the dry bulb 
temperature in the velocity room must be increased to the values rep- 
resented b} c', d', e' and to countei balance the cooling effect of wind 
on the human bod}'' Line c'f' is the 70 degrees effective temperature 
line with a velocity of 300 feet per minute In other words, all condi- 
tions on line c'f with a velocity of 300 feet per minute are equally 
comfortable among themselves and also equally comfortable to all con- 
ditions on line cf with still air 

The complete results of the investigation on effective temperature 
coveimg a range of from 28 to 170 degrees F dry bulb and from 
25 to 115 degrees F wet bulb temperatuie, for human beings at rest 
and both stripped to the waist and normally clothed, have appeared in 
se\eral issues of the Journal of the Ameiican Society of Heating and 
A’entilatmg Engineers^ and m other domestic and foieign publications 

With the development of the effective tempeiatuie index the effect 
of heat on body metabolism can be easily studied, since the factors 
entering into the problem can be reduced to two variables, one of which 
(rate of metabolism) is the independent variable 

CORRELATION OF METABOLIC RATE AND EFFECTIVE TEMPERATURE 

A previous analysis ® of the results of several investigators, includ- 
ing those obtained in the ps} chrometi ic chambers of this society’s 
Research Laboratoiy, disclosed that such correlation between the 
metabolic rate and effective temperature does exist However, the 
correlation for the highei temperatures is based on the results obtained 

4 Houghten, F C, and Yagloglou, C P Determining Lines of Equal 
Comfort, J Am Soc Heat &Vent Eng 29 165-176 (March) 1923, Determina- 
tion of the Comfort Zone and Further Verification of Effective Temperature 
Within this Zone, ibid 29 515-536, 1923, Cooling Effect on Human Beings 
Produced by Various Air Velocities, ibid 30 169-184 (Feb) 1924 Yagloglou, 
C P, and Miller, W E Effective Temperature Applied to Industrial Ven- 
tilation Problems, ibid 30 515-539 (July) 1924, Equivalent Conditions of 
Temperature Humidity and Air Movement Determined by Subjects Normally 
Clothed Effective Temperature with Clothing, ibid 31 59-70 (Jan) 1925 

5 Yagloglou, C P The Heat Given Up by the Human Body and Its 
Effect on Heating and Ventilating Problems, J Am Soc Heat & Vent Eng 
30, No 4, August, 1924 
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on a single individual, and therefore it does not represent an average 
of what is expected at high temperatures 

In subsequent exhaustive experiments conducted in the psychio- 
metric chambers of the Research Laboratory, seven subjects took part 
in the tests To disentangle the influence of loutine factors, such as 
food and muscular activity, on the rate of metabolism, the subjects 
refrained from eating for a period of eight hours prior to every experi- 
ment and abstained from any undue physical exertion 

During the first two hours of the experiment each subject rested 
quietly on a cot provided for the purpose in a primary room A sample 
of expired air was then taken from each subject at the expiration of 
the two hours, and the subject was earned on the stretcher into the 
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Fig 2 — Relation between effective temperature and liters of carbon dioxid 
expired by each subject per square meter of body surface per hour 

conditioned test chamber where he continued to rest in the same posi- 
tion He remained in the chamber over a period varying with his 
ability to endure the condition During the exposure in the chamber 
samples of expired air were again taken All these experiments were 
conducted in still air, which was renewed at an adequate rate 

The average normal measurements for the subjects employed in 
the experiments are shown in Table 1 The body surface was deter- 
mined from these by means of the DuBois standard chart The 
subjects wore light weight union underwear, work pants and shirts 
socks and shoes 

The samples of expired air were collected by means of a graduated 
gasometer constructed b)^ the Bureau of Mines and placed in a room 
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adjoining the test chamber Rubber tubing (1^ inch) connected the 
gasometer with the mouthpiece, the valves ° of which were likewise 
constructed by the Bureau of Mines To become accustomed to the 
apparatus, the subjects breathed through the gasometer for several 
minutes before samples were taken This permitted the stagnant air 
m the system to be forced out Each sample collected consisted of 
approximately 60 liteis of expired air All volumes were reduced to 
0 C temperature and dry and 760 mm of mercury barometric pressure 
The ventilation rate or volume of air expired per minute was obtained 
by dniding the total volume by the time m minutes From each sample 
collected an average sample was analyzed on a large Haldane apparatus ’’ 
for carbon dioxid and oxygen from which the heat developed within 
the body under the various temperature conditions was computed, using 
Zung’s table of calorific equivalents of 1 liter of oxygen 

The data and results of the present series of experiments are 
presented in Table 2 Temperature conditions of the primary room are 
gn en at the left of Column 3, and those of the test chamber at the right 


Table 1 — Statistics of Subjects of Experiments 


Subjects 

Weight, 

Kg 

Height, 

Cm 

Body Surface, 
Sq Meters 

1 

61G 

163 0 

160 

2 

645 

1831 

1 84 

3 

69 5 

1910 

1 97 

4 

72 0 

1713 

184 

5 

59 2 

167 0 

168 

6 

59 4 

172 8 

172 

7 

711 

174 7 

182 


of the same column The length of exposure before taking samples is 
shown in Column 4 The carbon dioxid produced and the oxygen 
absorbed m liters per hour at 0 C temperature and 760 mm of mercury 
barometric pressure are shown in Columns 5 and 6, respectively 

The computed ratio of the foimer to the latter, or respiratory 
quotient, is given in Column 7 The total number of calories developed 
per hour is given in Column 8, from which is calculated the heat pro- 
duced within the body per squaie meter of body surface per hour, given 
in Column 9 Columns 10 and 1 1 give the average physiologic reactions 
recorded during the period during which the samples were taken 

It will be observed that both the carbon dioxid output and the 
oxygen consumed increase with exposuie to either high or low tem- 
peratures The range of temperature employed in the experiments 

6 Fulton, W B An Improved Air Valve for Apparatus Used m Basal 
Metabolism Work, Arch Int Med 33 497-499 (April) 1924 

7 Burrell, G A , and Seibert, F M The Sampling and Examination of 
Mine Gases and Natural Gas, Bull 42, Bureau of Mines, revised by G W 
Jones, 1924, to be published 
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varied from about 55 to 130 degrees effective temperature, but the table 
includes results only up to about 105 degrees For temperatures above 
105 degrees effective temperature, the subjects could not endure the 
condition long enough to obtain a representative sample, which lequired 
at least an hour’s exposure, and therefore the few results obtained above 
105 degiees are not included herein 

CARBON DIOXID PRODUCED AND OXYGEN CONSUMED 

To aftoid a uniform basis of comparison between different subjects, 
the carbon dioxid produced and the oxygen consumed are expressed m 
liters per square meter of body surface per hour The variations of 
these quantities with effective temperature are shown in Figures 2 and 3, 
respectively 



Fig 3 — Relation between effective temperature and liters of oxygen con- 
sumed by each subject per square meter of body surface per hour 


Black circles represent observations made in the primary room, and 
white 01 open circles those made in the test chamber These giaphs 
are very similar and have the same characteristics A minimum value 
of 7 2 liteis per square meter of body surface per hour is obtained both 
within a temperatuie zone of between 70 and 85 degrees effective tem- 
perature, where the rate of gaseous exchange is measurably constant 
Above and below this zone both quantities inciease at an accelerated 
rate At the ordinary tempeiature of 65 degrees effective temperature, 
the figures show an average of 7 3 liters of carbon dioxid expired and 
7 7 liters of oxygen consumed per square meter of body surface per 
hour This corresponds to a respiratory quotient of 0 948 

Above 85 degrees effective temperature, the rate of gaseous exchange 
increases rapidly, and with a still greater rate when the body tempera- 
ture IS exceeded 
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It will be observed that in these experiments the respiratory quotient 
varied from about 0 84 to 1 55 The relation of this ratio to effective 
temperatuie, as computed from the average values given in Figures 2 
and 3, is shown in Figure 4 

As the effective temperature increases, the respiratory quotient 
increases also until at about 80 degrees effective temperature it becomes 
unit}'’ Between 80 degrees and body temperature the variation in the 
respiratory quotient is rather small , but above body temperature a very 
sudden increase is apparent, according to the limited results available 
at these high temperatures Because of the insufficient number of tests 
this portion of the curve is shown dotted 



Fjg 4 — Relation between respiratory quotient and effective temperature 

EFFECT OF HIGH TEMPERATURES ON THE BODY AND 
respiratory quotient 

Within the ordinary range of temperature conditions the respiratory 
quotient, as recorded by various investigators, seldom exceeds unity 
The question now arises as to how high temperatures affect the human 
body so as to raise the respiratory quotient over unity Theoretical 
considerations suggest that free oxygen is available in the body through 
Its liberation during the transformation of carbohydrates into fats 
A study of the respiratory exchanges of animals which are rapidly 
laying on a store of fat at the expense of a carbohydrate diet indicates 
that oxygen is set free Thus, the marmot eats large quantities of 
carbohydrate food toward the end of the summer, and rapidly lays on 
a thick layer of subcutaneous fat to last it during the winter 
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Starling ® points out that a considerable loss of oxygen is incurred 
in the formation of fat from carbohydrate He states that if glucose 
were entirely oxidized in the body the amount of oxygen absorbed 
would be exactly equal to the amount of carbon dioxid involved Thus, 

Ca Hia Oq -f' 6 Oa 6 COa ^ ^ 

In this case the respiratory quotient would be - = i 

6 Oa 

If, however, oxygen is being set free by the conversion of part of 
the carbohydrate into fat, this oxygen will be available for the oxida- 



Fig 5 — Calories produced per square meter of body surface per hour at 
various effective temperatures 


tion of other portions of the carbohydrates The animal will not require 
so much oxygen from external sources for the production of the same 
amount of carbon dioxid, and therefore the carbon dioxid output of 
the animal will be greater than its oxygen intake Pembrey ** has shown 
that under this condition the respiratory quotient may be as high as 1 50 
As an alternative hypothesis, it is just as possible that the high 
respiratory quotient is due to the forced loss of excessive carbon dioxid 
from the body during exposure This loss may be either through sweat 
or through increased breathing, or both 


8 Starling, E H Principles of Human Physiology, Ed 3, 1920, pp 826-938 

9 Pembrey J Physiol 27 407, 1901, cited by Starling (Footnote 8) 
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The heat produced within the body in calories per square meter of 
body surface per hour calculated in the manner shown previously is 
given in Figure 5, plotted against effective temperature At 65 degrees 
effective temperature the average subject of the experiments developed 
38 2 calories per square meter of body surface per hour This value 
checks closely the DuBois’ standard for basal metabolism — 38 6 calories 
but the curve shows that it is by no means the minimum metabolism 
The temperature zone of minimum heat production appears to be 
between 75 and 83 degrees effective temperature It will be observed 
that within this range the lowest value of 36 calories per square meter 
per hour is reached This belief is substantiated from results of various 



97 98 99 »00 lOl loa 

RECTAL TEMPERATURE 


Fig 6 — Correlation between heat production and rectal temperature 


other investigators who recorded values well below DuBois’ standard, 
depending undoubtedly on the temperature in which the observations 
were made 

THERMOSTATIC CONTROL OF THE BODY 

Attention is called to the large temperature range of successful 
operation of the body thermostatic control, within which the heat pro- 
duction and heat loss are accurately balanced The most economical 
range is represented by the fiat portion of the curve for ordinary 
atmospheric conditions Above 85 degrees effective temperature, how- 
ever, there is apparently a stress on the mechanism The body makes 
strenuous efforts to resist rise m its temperature by promoting evapora- 
tion of perspiration from its surface, but the limit of adjustment fails 
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above 90 degrees effective temperature This is indicated by the rapid 
increase both of heat pioduction and of body tempeiature at the higher 
temperatures At 105 degrees effective temperature the heat production 
IS twice as great as at the ordinary temperature of 65 degrees 

A tendency for an increase m heat production is also shown below 
65 degrees effective temperature, which heat is necessary to keep the 
body warm in cold surroundings 

INFLUENCE OF FOOD AND POSTURE ON BODY METABOLISM 

To study the influence of food and sitting position on body metab- 
olism it IS proposed to introduce here the previous study on metabolism 
mentioned above ^ In Figure 5 the dotted line represents the relation 



Fig 7 — Correlation between heat production and pulse rate 


between the metabolic rate and the effective tempeiature of the exposure 
when regular meals were pai taken and the subjects sat comfortably 
on chans The experimental data from which this i elation was drawn 
are largely based on the results obtained by indirect calorimetry on a 
subject well trained to the routine of experiments The respiratory 
samples were analyzed for carbon dioxid and oxygen on a large Haldane 
gas apparatus, and the heat production was calculated therefrom after 
reducing all volumnes to 0 C and dry and 760 mm of mercury baro- 
metric pressure Since the experiments under consideration were con- 
ducted practically under the same condition of clothing and exposure 
as those presented in this paper, the difference between the two curves 
in Figure 5 represents the increase in metabolism due to food and sitting 
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position The two curves are practically parallel within the ordinary 
range of temperafuie and their difference amounts to about 4 calories 
per square meter per hour In other words, the metabolism at the 
ordinary temperature of 65 degrees increases by 11 per cent over the 
basal value when the subjects partake of their legular diet and sit 
comfortably on chairs 

For the higher temperatures exceeding 80 degrees effective tem- 
perature, the increase in metabolism through food and sitting position 
is not constant but is accelerated as shown by the divergence of the 
two cuives 

It is of interest to note that the temperature zone of minimum 
metabolism, or the most economical thermal zone of the human body, 
IS included very nearly between the same two temperature limits for 
both curves These two limits may possibly vary with the amount of 
clothing worn, but no great variation is expected, owing to the fact 
that it was found in another investigation that clothing makes little or 
no difference in the thermal condition of the human body when the 
temperature of the environment exceeds 90 degrees effective tem- 
perature 

CORRELATION OF RECTAL TEMPERATURE AND PULSE RATE 

TO METABOLIC RATE 

All examination of Table 2 will show that whenever more than one 
sample of expired air was taken m the test chamber at different periods 
of exposure the heat production invariably increased with the time of 
exposure This is to be expected when it is considered that the 
physiologic reactions vary with temperature and time of exposure 
Accordingly, an attempt was made to correlate the rate of metabolism 
with rectal temperature and with pulse rate in Figures 6 and 7, respec- 
tively 

It will be observed that the rate of metabolism correlates fairly well 
with these two physiologic reactions In Figure 6 the heat production 
becomes minimal at a body temperature of about 98 4 degrees F and it 
increases both above and below this temperature It is obvious that 
metabolism must necessarily increase when there is a drop in body 
temperature, to keep the body warm The increase at the higher tem- 
peratures is attiibuted to the warming up of the tissues, which speeds 
up their chemical activities, and the marked rapid increase for tem- 
peratures above 100 degrees is apparently allowed by the breaking down 
of the human thermostatic control 

Similarly it will be noted that the heat production attains a minimum 
value of about the same magnitude as shown in the previous figure, 
namely, 37 calories per square meter per hour, at a pulse rate of 68 
beats per minute Metabolism again increases with higher or lower 
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pulse rates, but the rate of increase is not as great as it is with change 
in temperature A comparison of Figures 6 and 7 shows that the pulse 
curve IS much flatter than that for temperature, indicating that the 
former is a more dependable direct index of the metabolic rate The 
pulse rate increases approximately m direct proportion to the metabolic 
rate, therefore, the heart works just fast enough to supply the tissues 
with the extra oxygen needed 

SUMMARY AND CONCLUSIONS 

Dry and wet bulb temperatures (and velocity of air, if any) have 
been shown to be reducible to one single index called effective tem- 
perature (The charts and tables for determining the effective tem- 
perature from the three factors will simplify the study of similar 
problems ) 

The results of these experiments lead to the following conclusions 

1 The rates at which oxygen is consumed and carbon dioxid is 
produced increase with exposure to either high or low temperatures 

2 There is a zone of minimum metabolic rate between 75 and 83 
degrees effective temperature within which basal metabolism should 
be measured 

3 The metabolic rate increases rapidly when the temperature of the 
environment is higher tlian that of the body 

4 Body temperature and pulse rate correlate fairly well with the 
rate of basal metabolism 
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Previous work has shown that there is no demonstrable dependence 
of obesity upon food intake or caloric balance Neither can it be proved 
that any consistent relation exists between constitutional obesity and 
basal metabolism “ It has been shown, however, that these people show 
a lower specific dynamic action of protein following a high protein intake 
than normal and thin people ^ The work here reported was done in 
conjunction with our investigations on basal metabolism and specific 
d3mamic action of foods While the figures of this work, based, as they 
are on the urinary nitrogen and the nonprotem respiratory quotient 
may not be considered as absolutely exact, attention is called to the fact 
that their relative value is unimpaired because conditions were so well 
controlled Each subject served foi at least three tests, which weie 
conducted by the same pei son and under the same conditions except f oi 
the type of meal served 


EXPERIMENTS 

Tests were made on obese, thin and normal people, using the same 
protein, carbohydiate and fat meals described in our previous article^ 
Half an hour before the basal metabolism was taken, the subject was 
asked to empty the bladder completely Immediately before the meal, 
the first urine specimen was collected, and again following each test 
The nitrogen content of each specimen was determined by the micro- 
Kjeldahl method of Folin and Denis * From this the nonprotem 

=*'From the Medical Clinic, the Gusta Morns Rothschild Fund and the 
Otto Baer Fund for Clinical Research of the Michael Reese Hospital and the 
Nelson Morns Memorial Institute for Medical Research 

1 Strouse, S , and Dye, M Studies on the Metabolism of Obesity 
I The Relation Between Food Intake and Body Weight in Some Obese Persons, 
Arch Int Med 34 267 (Sept ) 1924 

2 Strouse, S , Wang, C C, and D 3 'e, M Studies on the Metabolism of 
Obesity II Basal Metabolism, Arch Int Med 34 275 (Sept ) 1924 

3 Wang, C C , Strouse, S , and Saunders, A D Studies on the Metab- 
olism of Obesity III The Specific Dynamic Action of Food, Arch Int Med 
34-573 (Oct) 1924 

4 Folin, O, and Denis W Nitrogen Determinations b> Direct Nessleri- 
zation I Total Nitrogen in Urine, J Biol Chem 26 473 (Sept ) 1916 
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respiratory quotient for each particular peiiod was determined accord- 
ing to Lusk,® and the proportion of carbohydrate and fat used as energy 
during that period was computed from the table of Zuntz and Schum- 
berg, as modified by Lusk The calories derived from nitiogen were 
computed also from Lusk’s figures, each giam of urinary nitrogen 
representing 26 51 calories 




Hout-,s I 


Fig 1 


Chart 1 — Average percentage distribution of energy production after a high 
protein meal Solid dot overweight, Group 1 , open dot overweight, Group 
2, solid line underweight, and broken line normal 

Nine obese subjects vaiying in weight from 37 to 97 per cent above 
normal served in eleven tests with the protein meal With the exception 
of a 13 year old girl and a 16 year old boy, the subjects were all young 
women Their actual weight varied between 76 4 and 118 1 kg 

5 Lusk, G The Science of Nutrition, Ed 3, Philadelphia, W B Saunders 
Company, 1921 
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COMMENT 

In comparing results of the work with obese people, it will be noted 
that these can be divided into two distinct groups (Table 1) The fiist 
of these, comprising seven people and eight tests, or 78 per cent of 
the cases, after the ingestion of a piotein meal showed increased energ}^ 
production fiom carbohydrate 

In this group the average basal heat production from the caibohy- 
drate was 16 per cent of the total basal heat production , after two hours 
it became 29 per cent of the total , after four hours 22 per cent , after 
SIX hours 15 per cent, and at the end of the eight hour period it was 
still 15 per cent of the total calories produced Group 2, on the othei 
hand, m which three tests were made on two people, showed a decrease 
in the calories produced from the carbohydrate after the ingestion of a 
protein meal averaging 46 per cent of the total basal heat production, 
followed by 40, 28, 5 and 24 per cent in the subsequent two hour 
periods One of the two subjects in this group on whom two tests were 
made was not perhaps really obese She was a girl, aged 13, suffering 
from gigantism, and was veiy large for her age but quite solid 

Of the eight thin subjects, only one had increased heat production 
fiom carbohydrate or such a slight increase that it was within experi- 
mental error The aveiages showed a decided decrease from the basal 
to the end of the experiment, namely, 29, 21, 19, 11 and 11 per cent in 
the five periods The curve for the normal subjects is veiy much like 
that for the underweights Only one of the six tests showed increased 
energy production over the basal during later periods The averages 
were 27 per cent of the total basal and 24, 15, 6 and 7 per cent of the 
total heat production for the four two hour periods 

Table 2 shows an interesting relation between the calories derived 
fiom fat and those from carbohydrate In both groups of obese there 
IS a complementary relation, that is, where the curve for carbohydate 
goes up that for fat goes down, and vice versa The first group, which 
showed an increase in calories derived from carbohydrate, accompanied 
this by a deciease in calories derived from fat, the second gioup used 
fat in place of carbohydrate for energy The average of calories derived 
from fat for the fiist group showed a decrease from 60 per cent in the 
basal to 44 per cent in the first test, and 56 per cent at the end of the 
peiiod The second group showed average values of 34, 42, 47, 70 and 
54 per cent in the respective periods The underweights and normals, 
however, showed very little change in the percentage of calories derived 
from fat from period to period For the underweights the average 
figures are 50 per cent for the basal, 51, 53, 54 and 56 per cent in the 
subsequent periods, figures for noimals are 51, 53 54, 53 and 60 
per cent 
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The actual calories derived from protein, as seen in Table 3, vary little 
in the two groups of obese subjects There is likewise little diffeience 
in the percentage of calories derived from protein in these groups, 
varying in the first group between 25 per cent as a basal and 33 per cent , 
the highest point four hours later, and in the second group a basal of 
20 per cent with the highest point, 24 per cent , occurring six hours 
later Both the underweight subjects and the noimals showed a decided 
use in the peicentage of calories from protein The average basal 
percentage of caloiies from protein for the underweight subjects was 



Fig 2 


Chart 2 — ^Average percentage distribution of energy production after a high 
fat meal Solid dot overweight, solid line underweight, and broken line 
normal 

20, followed by 28, 29, 35 and 33 pei cent in the subsequent peiiods 
The coi responding basal figuies for normals were 22 per cent and in 
the following periods 23, 31, 41 and 33 per cent 

The fact that 82 per cent of the obese cases showed a decided rise in 
calories derived from carbohydrate and a decrease in calories derived 
from fat after a high protein meal, and that the thin and normal subjects, 
on the other hand, utilized protein and fat as their chief sources of 
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energy, is rather suggestive as to a possible reason for obesity and thin- 
ness The obese conserve the body fat and thus accumulate more, 
whereas the normal and thin people use up their food fat instead of 
storing it On a high protein meal, the normals and the thin people also 
use much of the protein for energy production but the obese do not The 
basal, however, shows that the obese derive most of their energy from 
fat while on starvation, but the thm and normal have no such store of 
fat and therefore use up more carbohydrate Possibly the latter may 
store more of their carbohydrate as glycogen while the obese convert 
theirs into fat at once 

Tables 4, 5 and 6 represent what happens after the ingestion of a 
carbohydrate meal All subjects used more carbohydrate after the inges- 
tion of 100 gm of sucrose The calories derived from carbohydrate 
during the basal period in obese people was 20 per cent , and the highest 
percentage, 68, occurred at the end of one hour The corresponding 
figures for thin people are 28 per cent ivith a peak of 75 per cent after 
half an hour Normals showed a basal of 20 per cent and 79 per cent 
after half an hour 

The percentage of calories derived from fat was decreased in all 
cases after the carbohydrate meal In some the use of fat was stopped 
entirely for one hour, and three of the thm people used no fat after 
three hours The three normals all ceased using fat for one hour 
There was little difference among the three groups in calories derived 
from protein after a carbohydrate meal Most of the cases in all groups 
had a slight decrease from the basal The averages for the obese 
group are 29 per cent basal, 24, 23, 18 and 18 per cent in the following 
periods, figures for the underweights are 25 per cent basal, followed 
by 22, 27, 21 and 19 per cent, respectively, those corresponding for 
normals are 24, 21, 25, 18 and 18 per cent The continued low use of 
protein for energy after the carbohydrate meal can be accounted for by 
the sparing effect of carbohydrate on protein, which is a well 
established fact 

As might be expected, after the ingestion of a high carbohydrate 
meal, most of the calories expended as energy were derived from carbo- 
hydrate Even at the end of three hours, most of the subjects were still 
deriving much more energy from carbohydrate than during the basal 
period, but still considerably less than at the peak of the curve This 
holds for all groups of subjects 

Tables 7, 8 and 9 are concerned with the high fat meal Calories 
obtained from carbohydrate after the ingestion of a high fat meal are 
in most cases decreased from the basal until the end of the eight hour 
period The overweight people, on the whole, used more carbohydrate 
than those of the other two groups, having an average of 37 per cent 
for a basal, 24, 28, 22 and 11 per cent at the end of each of the following 



Table 4 — Distnbution of Total Energy Between Protein, Fat and Caibohydi ate Aftei High Caibohydrate Meal 

Calories from Caibohydtale 
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two hour periods Corresponding- averages for underweight people are 
18, 17, 16, 14 and 13 per cent , and for normal 17, 21, 14, 9 and 7 
per cent Here again the obese people seem to tend to use their carbo- 
hydrate for energy and to store the fat, but the normal and thin people 
use up the fat ingested to produce heat 

All groups showed an increase in energy derived from fat after the 
ingestion of a high fat meal The greatest increase, however, is found 



■nunnnimHnHniimi 



-^rotrv CA-irboKMtLrAee- 



HouTS 


Fig 3 


Chart 3 — ^Average percentage distribution of energy production after a 
high carbohydrate meal Solid dot overweight, solid line underweight, and 
broken line normal 


in the thin and in the normal groups Average basal values for the 
obese are 46 per cent , followed by 60, 49, 59 and 71 per cent after each 
two hour period, for underweights 55, 60, 64, 68 and 75 per cent , and 
corresponding figures for normals, 66, 61, 71, 77 and 79 per cent 

Energy derived from protein is very little affected by the ingestion 
of a high fat meal in the three groups, and especially in the case of the 
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Table 10— The Respiratory Quotient of Obese, Thin and Noimal People After the Ingestion of Protein, Carbohydrate and Fat 
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Table U— Pulse Rate and Heat Pioduction^ of Obese, Thm and Noiinal People After the Ingeslwn of Pioteui, Caihohydiate and Fat 
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overweight and the normal The average percentage of total calories 
derived from protein by the obese during the basal period was 17 per 
cent, followed in the two hour peiiods by 18, 20, 17 and 16 per cent, 

, respectively, the normals showed 17, 18, 15, 14 and 14 per cent for the 
corresponding periods, and the underweights 27, 23, 20, 17 and 12 
per cent Again the underweight people seem to derive more energy 
from protein 

Table 10 is a record of the respiratory quotients of all subjects in all 
periods It was on these figures that the foregoing work was based 
The pulse rate was taken at the end of each metabolism test and is 
recorded in Table 11 Theie is no close relation between pulse rate 
and heat produced per square meter of body surface Making the com- 
parison on one subject at different times or on different subjects at com- 
parable times, we fail to note any interdependence of these tivo factors 
For instance, M S on a carboh 3 ^diate meal showed a maximum pulse 
rate of 80 one hour after the meal, whereas her maximum metabolism, 
47 calories per square meter, occurred thirty minutes after the meal 
while the pulse rate was 77 The same is true with most of the other 
cases M N. showed a drop in metabolism after the high protein meal 
and a rise in pulse rate Among the underweights the lowest metabolism 
occurred in conjunction with the highest basal pulse rate, in M A 

SUMMARY 

1 The present work is concerned with the energ)"- derived from the 
various nutrients by obese, normal and thin people after the ingestion 
of meals high in protein, carbohydrate and fat, respective!)'- There were 
twenty-six tests on obese subjects, twenty-one on thin subjects and 
twelve on normals 

2 After the ingestion of protein, obese people have a tendency to 
derive their energy from carbohydrate, whereas thin and normal people 
use less carbohydrate than during starvation Calories derived from fat 
decrease in the obese after the meal, but show little change in the thin 
and normals The two latter groups, however, show a decided rise in 
calories derived from protein after the meal, but the protein consump- 
tion IS little affected m the obese This confirms our previous finding ® 
that there is very little specific dynamic action of protein in obese people 

3 All subjects derive more energy from carbohydrate after the inges- 
tion of a high carbohydrate meal, and less from fat Calories derived 
from protein after this meal vary little, however, in any group from the 
starvation figures 
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4 After the high fat meal all groups show an increase in energy 
derived from fat The obese continue to use carbohydrate in greater 
amounts than the two other groups The protein consumption shows 
very little change, especially in the obese and normals 

5 There is no relation between the pulse rate and energy production 
computed on the basis of heat pioduced per square meter of body 
surface 

6 The fact that the obese subjects derive less energy from fat than 
either the thin or the normals after meals indicates a reason for exces- 
sive fat storage 
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III A COMPARATIVE STUDY OF CERTAIN TESTS FOR HEPATIC 
FUNCTION IN PATIENTS WITH OBSTRUCTIVE JAUNDICE 

CARL H GREENE, MD 
CHARLES S McVICAR, MD 
LEONARD G ROWNTREE, MD 

AND 

WALTMAN WALTERS, MD 

ROCHI STER, MINN 

Jaundice is the condition due to the presence of bile pigment in the 
blood and is recognized clinically by the resultant stairting of the skin, 
conjunctiva, mucous membranes, blood seium and, as a rule, the urine 
by the bile pigment 

Like albuminuria, jaundice is a symptom and not a disease, and may 
be encountered in a number of different conditions, the common and 
essential factor being obstruction to, or failure of, the normal process of 
excretion of the bile 

A mechanical obstruction to the passage of bile through the larger 
or extrahepatic bile ducts rapidly leads to resorption of pigments and 
the development of jaundice The mechanism of this resorption and the 
pathway through which the absoibed bile enters the general circulation 
have been studied by many experimenters from the time of Saunders ^ 
(1803) to that of Bloom- (1923) The experiments of the former 
served to emphasize the importance of the resorption of the bile 
pigment through the lymphatic channels and the thoracic duct in 
the development of jaundice The latter likewise finds that after ligation 
of the common bile duct, bile appears in the lymphatic vessels before it 
can be demonstrated in the blood stream The obstructive type of jaun- 
dice has long been recognized as one of the least complicated forms of 
icterus The other varieties of icterus, the so-called hepatogenous and 
hematogenous forms, will be reviewed m connection with the clinical 
discussion of toxic or infectious jaundice and the hemolytic anemias 

The clinical symptoms of obstruction to the biliary passages are 
characteristic and distinct Icterus , staining of the secretions, especially 
of the urine with bile pigment , the absence of bile from the stools with 

*From the Division of Medicine, Mayo Clinic and the Afa>o Foundation, 
and the Division of Surgery, Mayo Clinic 

1 Saunders, William A Treatise on the Structure, Economy and Diseases 
of the Liver with an Inquiry into the Properties and Competent Parts of Bile 
and Bibliary Calculi, Ed 4, London Phillips, 1809 

2 Bloom, William The Role of the Lymphatics in the Absorption of Bile 
Pigment from 'the Liver in Early Obstructive Jaundice, Bull Johns Hopkins 
Hosp 34 316-320 (Sept ) 1923 
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lesultant disturbance in fat absorption, producing' the characteristic 
acholic, clay-coloied stool, pruritus, and a delay in the coagulation time 
of the blood ■with consequent tendenc}'- to hemorrhage aie constantly 
present Bradycaidia is less common Pain, chills, fever and othei 
evidences of infection, such as leukocytosis, are variable Gasti o-intes- 
tinal disturbance, with nausea, anorexia and loss in weight and strength, 
is common, this is also further aggravated by the pi unary nutri- 
tional disturbance consequent on the absence of bile from the intestine 
Ceiebial symptoms also occur, but these are usually associated with a 
teimmal toxemia and appear late in the sequence of manifestations 

Jaundice due to obstruction of the biliary passages is well toleiated in 
the mam Cases have been reported with persistent and possibly con- 
tinuous icterus for years without serious disturbance of the health of 
the patient apart from the discoloration of the skin and pruritus Such 
a condition is in marked contrast to the icterus gravis associated with 
acute yellow atrophy of the liver, in which the marked disturbance in 
the activity of the liver results in the rapid development of profound 
toxemia and death Although obstructive jaundice is often well borne 
and recoveiy usually rapid following relief from the obstruction, a cei- 
tain proportion of patients do not stand operation and die with symptoms 
of toxemia somewhat similar to those observed in cases of acute yellow 
atrophy 

That obstructive jaundice is not without an effect on the liver is 
evidenced by the production of the pathologic changes characteristic of 
biliary cirrhosis by bile retention over any extended period Physiologic 
disturbances in the activity of the liver, apart from the jaundice, have not 
been so conclusively shown to accompany these morphologic changes 
As we have indicated in the initial paper of this series,® this is in part 
due to the difficulty of obtaining exact criteria and reliable quantitative 
tests for disturbances in the activity of the liver We have been able 
to show disturbances of hepatic function in animals following the 
experimental ligation of the common bile duct,'* in which a parallel 
increase in the serum bilirubin and degree of retention of phenoltetra- 
chlorphthalein was the most striking change noted We shall present 
here the results of the study of a series of cases of obstructive jaundice 

The cases may be divided into two groups the larger comprising 
forty-thiee cases of obstructive jaundice, the smaller, twenty-four cases 
of chronic cholecystitis without clinical evidences of jaundice The latter 

3 Greene, C H, Snell, A M, and Walters, Waltman Clinical and 
Experimental ’studies in Diseases of the Liver, I, A Survey of Tests for Hepatic 
Function, Arch Int Med , to be published 

4 Snell, A M , Greene, C H , and Rowntree, L G Clinical and Experi- 
mental Studies in Diseases of the Liver, II, A Comparative Studj of Certain 
Tests for Hepatic Function in Experimental Obstructive Jaundice, Arch Int 
Med , to be published 
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group serves as a control of the effect of cholecystic disease alone The 
technic of the laboratory tests and the normal values for each have been 
reported in the first paper of the series ® 

OBSTRUCTIVE JAUNDICE 

ObstrucHve Jaundice Due to Stone m the Common Bile Duct — 
Cabot ® reports that the most common types of jaundice are the icterus 
neonatorum and that which owes its origin to an infection or sepsis 
Jaundice due to stone in the common duct is the next in order of fre- 
quency In Table 1 are shown the different laboratory findings in a 
series of cases of obstructive jaundice due to the impaction of stone in 
the common bile duct In each case the diagnosis was veiified by the 
surgeon s findings at operation The complete history in each case is not 
essential to this study, but the histones of two illustiative cases are 
included to show the general nature of the clinical findings 

Only those positive findings on which conclusions are based at the 
present time are included in the case reports The phenoltetrachlor- 
phthalein reading is recorded as for the end of the first hour only Com- 
plete findings are included in the tables Complete details of the sur- 
gical procedure are not given, since the patients were regularly prepared 
according to Walters’ ® method 

REPORT or CASES 

Case 1 (Case 12, Table 1) — Chi ante cholecystitis zvith cholelithiasis, chole- 
docholithtasis and obstructive jaundice — A man, aged 59, came to the Mayo 
Clinic, June 17, 1924, because of jaundice of five weeks’ duration Eighteen 
months before, he had had an attack of severe pain at the right costal margin 
which radiated to the shoulder Five weeks before, he had had a second similar 
attack, three days after which the stools became acholic, the urine saffron, and 
persistent jaundice developed The patient lost 20 pounds (9 kg ) in the hve 
weeks before coming to the clinic Marked jaundice was present, but the liver 
was not palpable The serum bilirubin was 18 2 mg There was marked reten- 
tion of phenoltetrachlorphthalein, the reading being 30 per cent Chronic chole- 
cystitis and cholelithiasis were found, and there was a stone m the ampulla of 
Vater There were signs of chronic pancreatitis and chronic hepatitis The 
gallbladder and the stones were removed and a dram placed in the common 
duct Bile drained freely Eighteen days after operation, the serum bilirubin 
had fallen to 6 7 mg and the phenoltetrachlorphthalein retention to 8 per cent 

Case 2 (Case 14, Table 1, Fig I) — Chiomc cholecystitis zvith cholelithiasis 
and ohsti active jaundice — A man, aged 63, came to the Mayo Clinic, June 
16, 1924, complaining of abdominal pain and jaundice of six weeks’ duration 
For twenty-five years he had had bilious attacks associated with nausea, and 
pain in the right upper quadrant He had been definitely jaundiced once, four 
or five years before There had been acute attacks recently with severe epigastric 
pain radiating to the right shoulder, and after the last attack the urine became 
dark and the stools acholic, accompanied by intense pruritus and jaundice 


5 Cabot, R C Differential Diagnosis, Ed 2, Philadelphia, W B Saunders 
Company, 1912 

6 Walters, W Preoperative Preparation of Patients with Obstructive 
Jaundice, Surg , Gynec & Obst 33 651 (Dec ) 1921 
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The patient lost 35 pounds (15 9 kg) m the preceding six months The liver 
edge was palpable, but the gallbladder was not Roentgenograms of the gall- 
bladder area showed stones The serum bilirubin was 16 mg , the phenoltetra- 
chlorphthalein reading of 28 per cent indicated marked retention At operation 
the liver was found to be hard and congested The gallbladder contained no 
bile, but was completely adherent to a large gallstone which compressed the 
common duct Cholecystectomy was performed and a dram inserted m the 
common duct 

Biliary drainage was established but failed progressively, while the jaundice 
increased and a marked toxemia developed Four days after operation the 
patient was critically ill, there was no bile drainage, the serum bilirubin was 
16 9 mg and the blood urea 146 mg The intravenous administration of 500 c c 
of 20 per cent glucose solution produced a marked improvement in the general 
clinical condition The bile flow was reestablished Three days later the blood 
urea was 111 mg and the serum bilirubin 6 7 mg Improvement continued 



Fig 1 -^Changes in serum bilirubin, phenoltetrachlorphthalein retention and 
blood urea in Case 2 


and the patient was dismissed about three weeks after the operation At that 
time the serum bilirubin was 3 8 mg , the phenoltetrachlorphthalein retention 
was 7 per cent , and the blood urea 42 mg 

Obstructive Jaundice Due to Postoperative Sfncture of the Common 
Duct — Present surgical practice is to make cholecystectomy the opera- 
tion of choice m the majority of cases of gallbladder disease Injury to 
the ducts during the removal of the gallbladder is an accident dreaded by 
every surgeon Judd and Burden ^ have recently pointed out the factors 
that predispose to damage If the injury is recognized immediately, 
repair usually can be easily and satisfactorily made When the injury 
escapes the attention of the surgeon, nature proceeds with repair, but 

7 Judd, E S , and Burden, V G Postoperative Structure of the Common 
Bile Duct, Ann Surg 80 210-216 (Aug ) 1924 
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the handicap may be too great and stricture is then prone to follow 
Postoperative stricture of the common duct is usually the result of 
operative trauma, but it may also follow localized infection or neciosis 
of the wall of the duct Table 2 shows the laboratory findings in a 
series of cases of obstructive jaundice originating in this way The 
histones of two illustrative cases are also reported in abstract This 
1 eport deals with selected cases and the numbers reported in each group 
should not be interpreted as representing the relative frequency of 
occurrence of the condition 

Case 3 (Case 28, Table 2) — PoslopcraUve striciwc of the common duct 
with obstructive jaundice — A man, aged 34, came to the Mayo Clinic, March 8, 
1924 He had been ill since 1912, and several operations had been performed 

9 

6 



Fig 2 — Changes m serum bilirubin and phenoltetrachlorphthalem retention 
in Case 3 The shaded area indicates the range of the normal values of the two 
tests The effects of the relief of the obstruction and of a second postoperative 
stricture are well shown 

elsewhere without permanent relief In December, 1922, he began to have inter- 
mittent attacks of pain at the right costal margin, radiating to the right shoulder 
In March, 1923, the gallbladder was removed Jaundice appeared the following 
day, although there was free drainage of bile, but recovery was apparently 
complete after six or seven weeks In September he developed persistent jaun- 
dice without pain On admission eight months later, the jaundice was marked 
The patient had lost 27 pounds (12 2 kg ) during the preceding year The liver 
was palpable, the urine contained a trace of albumin and a few granular casts, 
as well as much bile The serum bilirubin was 248 mg and there was marked 
retention of phenoltetrachlorphthalem, as indicated by a reading of 30 per cent 
Operation revealed extensive adhesions and obstruction of the common bile 
duct due to a stricture Drainage was established, and the reconstruction of 
the common duct attempted The postoperative progress was good Twelve 
days after the operation, the serum bilirubin was 5 3 mg , while the phenol- 
tetrachlorphthalein showed slight retention with a reading of 7 per cent The 
patient was dismissed April 27, 1924, at which time the serum bilirubin was 
2 5 mg and the phenoltetrachlorphthalem was 10 per cent 
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The patient again became ill June 18, 1924, and jaundice reappeared It 
varied in intensity, but was associated at times with pruritus, chills, diarrhea 
and loss of weight The patient was readmitted October 25, when the condition 
was similar to that noted on his first admission Serum bilirubin was 6 3 mg 
and the retention of phenoltetrachlorphthalein was 15 per cent At operation 
it was found that the hepatic duct was distorted and obstructed by adhesions 
A hepaticoduodenostomy over a rubber tube was made The operation was 
difficult, but the postoperative recovery was uneventful Fifteen days after the 
operation the jaundice had disappeared, and the serum bilirubin was 3 4 mg 
while the dye showed 9 per cent retention The patient was dismissed a 
week later 

This case is of particular interest in that it was possible to follow the 
changes over an extended period During this time a second strictuie 
developed so that the studies comprise the whole cycle of changes 
associated with such obstruction 

Case 4 (Case 29, Table 2) —Recurtmg postopo ahve stnclure of the common 
duct with obstructive jaundice — A man, aged 39, was admitted to the Mayo 
Clinic, Jan 14, 1924, complaining of intermittent jaundice during the last 
two years, initiated by an attack of acute illness with severe pain in the right 
upper quadrant A cholecystectomy was performed at the time of the original 
attack, but drainage of bile persisted for four months The last attack began 
m December, 1923, and continued until the time of admission The patient lost 
17 pounds (7 7 kg ) during the year The liver was markedly enlarged, but the 
jaundice was slight and rapidly disappeared There was slight retention of 
phenoltetrachlorphthalein, with the complete disappearance of the jaundice the 
reading decreased from 3 to 1 per cent At operation many dense adhesions 
were found, and the common duct contained stones and gravel Bile flowed 
freely from the hepatic duct, and hepaticoduodenostomy was performed The 
patient did well for a month, when he had a chill followed by slight jaundice 
These attacks recurred and he was readmitted March 4, one week after the 
last attack At this time jaundice was slight The serum bilirubin was 3 3 mg 
and the phenoltetrachlorphthalein retention was 11 per cent Duodenal drainage 
established a good flow of bile Progress was satisfactory for a short time, but 
the attacks of chills, fever and jaundice recurred The patient was again 
admitted to the clinic September 27, with marked jaundice The serum bilirubin 
was 7 6 mg and the phenoltetrachlorphthalein showed retention of 25 per cent 
A marked contraction at the opening of the former anastomosis had occurred , 
this was successfully relieved 

Obstructive Jaundice Due to a Tiimoi of the Head of the Panel eas — 
Next to stones, pressure on the common duct by an enlargement of 
the head of the pancreas is perhaps the most common cause of obstruc- 
tive jaundice Table 3 includes a group of cases in which the jaundice 
was consequent on obstruction by swelling in the head of the pancreas 
In all cases the tumor demonstiable at operation was presumably carcino- 
matous in nature Removal of specimens for diagnosis in such cases 
IS not always feasible, and the macroscopic differentiation of chronic 
pancreatitis and malignant disease is difficult In each case, however, the 
obstruction to the bile duct and the resultant jaundice were the outstand- 
ing clinical features Cases of jaundice with pioved carcinomatous 
involvement of the livei will be reported latei 
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Chronic cholecystitis, chronic cholangcitis 
and hepatitis 
Cholelithiasis, pancreatitis 
Chronic cholecjstitis 

Chrome cholecjstitis with stones 
Chronic cholecjstitis, cholelithiasis 
Former cliolecjstectomj', hepatitis 
Former cholecystectomy, cholelithiasis 
Cholelithiasis, intermittent jaundice 
Chronic cholecjstitis 

Former cholecjstectomv, chronic constipation 
Chronic cholecjstitis, chronic appendicitis 
Former cholecjstcctomy, cholelithiasis 
Chronic cholecystitis, hepatitis, diabetes 
Chrome cholecjstitis, hepatitis 
Chronic cholecystitis, hepatitis, pancreatitis 
Chronic choleejstitis 4S hours after an icute 
attack 

Chronic cholecystitis 
Chronic cholecjstitis 

Former cholecjstcctomy, postinfluenzal ex 
haustion 

Former cholecystectomy, hepatitis 
Former cliolecjstectomj, pancreatitis 
chrome arthritis 

Former cholecjstcctomy, chronic nenous 
exhaustion 

Chronic cholecystitis, hepatitis diabetes 
Chronic cholecystitis, cholelithiasis 
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Case 5 (Case 40, Table 3) — Obstructive jaundice, tumor of the head of the 
pancreas — A man, aged 57, was first admitted to the Mayo Clinic Nov 2, 1923, 
because of pam in the right lumbar region of one week’s duration He had had 
occasional slight backache for several years and irregular epigastric pain one 
or two hours after eating for fifteen years He had been losing weight, especially 
recently, and the right lumbar pam had become more severe Physical signs 
and roentgenograms pointed to pleurisy at the right hasp No other definite 
lesion was discovered, but after the patient’s dismissal, the pain in the right 
upper quadrant and right lumbar region became quite severe During these 
attacks the skin developed a subicteric tinge, though there was no definite 
jaundice Urobilin and urobilinogen were present in the urine during the crises 
Gljcosuria and hyperglycemia were sometimes present 

On readmission, April 7, 1924, there was slight tenderness in the right upper 
quadrant, and an indefinite mass was palpated Sugar, urobilin and urobilinogen 
were found in the urine The serum bilirubin was 3 5 mg , the phenoltetra- 
chlorphthalem reading was 4 per cent The patient refused exploratory operation 

Jaundice and pruritus developed after the patient’s dismissal from the clinic, 
and he returned May 18 He had lost 21 pounds (9 5 kg ) in the preceding 
four weeks Jaundice 4 was present The liver was palpable and the epigastric 
mass could still be felt The urine contained bile and a trace of albumin The 
serum bilirubin was 35 6 mg and there was marked retention of the phenol- 
tetrachlorphthalein, the reading being 24 per cent At operation an enlarged 
soft tumor in the head of the pancreas was found and the gallbladder was 
greatly distended with bile There were no stones, and the obstruction was 
evidently due to the tumor in the head of the pancreas A cholecystgastrostomy 
was performed, but the patient died on the third day of bronchopneumonia 
Necropsy was not permitted 

The simtlanty between the changes m the laboratory findings in this 
patient and those seen in dogs following the experimental ligation of the 
common bile duct is worthy of especial note 

Case 6 (Case 33, Table 3) — Obstiuchve jaundice, caicinoma of the head of 
the pancreas — A man, aged 62, came to the Mayo Clinic May 13, 1924, having 
suffered for five months from attacks of epigastric pain, which had begun with 
a sharp attack the previous January He had lost 30 pounds (13 6 kg ) since 
the onset, although there was no jaundice The liver was palpable and a 
distended gallbladder could be felt below its margin The urine contained 
albumin and pus cells He had a sudden attack of sharp pain in the right upper 
quadrant during the examination Three days later marked persistent jaundice 
developed June 24, the serum bilirubin was 27 8 mg and there was marked 
retention of phenoltetrachlorphthalein, the reading being 44 per cent The 
fructose tolerance test was questionable At operation a diffuse carcinoma at 
the head of the pancreas was found to be obstructing the common bile duct 
The gallbladder was distended with a great quantity of very thick black bile 
The postoperative progress was not satisfactory The blood urea increased 
to 91 mg on the fourteenth day, and the patient died July 17 

CHRONIC CHOLECYSTITIS WITHOUT JAUNDICE 

Many patients with obstructive jaundice have had long standing 
cholecystic disease apart from the obstruction The effect of this condi- 
tion in relation to the changes observed in obstructive jaundice is best 
seen in the control senes of cases of chronic cholecystitis shown in 
Table 4 In all of these, there was inflammatory disease in the right 
upper quadrant of the abdomen without icterus Any differences 
between the findings in this series of cases and the three preceding may 
reasonably be ascribed to the effects of the bile retention 
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C^SE 7 (Case 67, Table 4) — Chronic cholecystitis with cholelithiasis, hepatitis 
and pancreatitis {zmtJioiit obstiuction) — A woman, aged 46, was first observed 
Aug 16, 1923 She had had epigastric distress for three years The early 
history was not characteristic, but eventually the pain became more severe and 
was referred along the right costal margin and to the shoulder In June, 1924, 
the pain was colicky, and the patient became slightly jaundiced during the 
next few days When she was seen, July 8, there was no jaundice and the 
liver was not palpable The serum bilirubin was 08 mg and there was no 
retention of phenoltetrachlorphthalein At operation chronic cholecystitis with 
multiple stones together with chronic appendicitis, hepatitis and pancreatitis was 
found It was noteworthy that, with so extensive evidence of infection of 
the abdominal viscera including the liver, there should be no evidence of disturb 
ance of the hepatic function revealed by the various tests 

Case 8 (Case 58, Table 4) — Chiomc cholecystitis uoith cholelithiasis and 
panel eatitis (without obstiuction) — A man, aged 56, was admitted to the Mayo 
Clinic July 24, 1924 For twenty years he had had recurring attacks of colic 
m the upper part of the abdomen, with occasional attacks of slight jaundice 
and pale stools following the pain In February, 1924, cholecystostomy was 
performed elsewhere and many stones were removed Two months after the 
operation there was recurrence of the pain and the jaundice, associated with 
discharge of bile from the wound The sinus persisted, and the pain and jaundice 
recurred periodically At the time of admission there was no jaundice The 
patient had lost a little weight The liver was not palpable The sinus was 
discharging bile and mucus The serum bilirubin was 04 mg and there was 
no retention of phenoltetrachlorphthalein At operation the gallbladder was 
found to contain several small stones and was removed 

DISCUSSION OF THE INDIVIDUAL TESTS 

Fuictose Tolerance — ^Tallerman® has recently revievred some of the 
difficulties incident to the use and interpretation of the results of the 
fructose tolerance test He insists that the test shall not be considered 
positive unless the blood sugar reaches a value of 135 mg or more for 
each hundred cubic centimeters, with a rise of at least 30 mg in the 
sugar level Our expeiience with noimal persons has been similar to 
that of Tallerman, and we accept these criteria for a positive finding 
At the same time, great care must be used in interpreting apparent 
deviations from this normal In the presence of cholecystitis particularly, 
the possibility of an associated pancreatitis should be considered even 
in the absence of clinical diabetes 

In the twenty-eight tests performed on patients with uncomplicated 
obstructive jaundice, the fructose tolerance was definitely reduced in 
three instances One of these patients had diabetes , in another evidence 
of pancreatitis was found at operation In seven other patients, the 
blood sugar curve was suggestive, but did not fulfill the two criteria for 
a positive test 

Five patients with carcinoma of the head of the pancreas were 
studied, positive tests were obtained in three The changes, however, 
may not have been entirely pancreatic m origin, for in orte the fructose 

8 Tallerman, K H The Levulose Test for Liver Efficiency and an Investi- 
gation of the Hepatic Condition in Pregnancy, Quart J Med 17 37-52 (Oct ) 1923 
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tolerance returned to normal following cholec} stostomy and relief of 
the obstruction 

Of tests made on the group of patients with chronic cholecystitis, 
positive results were obtained in three One of these patients had 
frank diabetes A suggestive reaction was obtained in three other cases 

The fructose tolerance test apparently disclosed characteristic changes 
in experimental obstructive jaundice Positive tests were not obtained 
clinically with any great degree of regularity in cases of obstructive 
jaundice The additional difficulty of eliminating the possible effects of 
associated pancreatic disease have led us to question the clinical useful- 
ness of this test 

Blood Sugar Level — No significant disturbance in the fasting blood 
sugar level was observed in the present series of cases, in only one 
instance was it below 85 mg , a control case in which there had been a 
previous cholecystectomy but in which there was no direct evidence of 
active hepatic disease In only tivo cases was the fasting blood sugar 
above 150 mg , and clinical diabetes was present in one of these 
Obstructive jaundice apparently has no marked effect on the mechanism 
regulating the blood sugar level 

Nxtrogen Partition of the Blood — ^The changes in the nitrogen parti- 
tion of the blood were in accord with the findings reported by Rowntree, 
Marshall and Chesney ° Retention phenomena were observed in one 
case in which renal insufficiency was a terminal eyent The blood urea 
tended to be low in a certain percentage of these cases In no case was it 
below 9 mg The values lay within the lower range of normals, which 
perhaps was to be expected in view of the rather limited and often 
meat-free diet of many of the patients The blood urea level on the 
average was apparently somewhat lower in the patients with icterus 
(from 22 5 to 28 mg ) than it was in those with cholecystic disease alone 
(32 3 mg ) This is in agreement with the observation that the blood 
urea level is reduced in dogs following the experimental ligation of the 
common bile duct The changes observed in man, in our opinion, were 
not sufficiently well marked to be of clinical significance in the study of 
the individual patient, and the figures are not referred to m the case 
histones 

Bollman, Mann and Magath^® find that following hepatectomy in 
dogs urea formation ceases, and in consequence they assert that the 
production of urea is entirely dependent on the liver A comparable 
degree of hepatic insufficiency was not observed clinically In Case 2, 

9 Rowntree, L G , Marshall, E K, Jr, and Chesney, A M Studies in 
Liver Function, Tr Am Phys 29 586-625, 1914 

10 Bollman, J L , Mann, F C, and Magath, T B Studies on the 
Physiology of the Liver, VIII, Effect of Total Removal of the Liver on the 
Formation of Urea, Am J Physiol 69 371-392 (July) 1924 
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with a serum bilirubin of 16 2 mg , gioss dye retention and an adequate 
urinary output, the blood urea rapidly rose from 30 to 146 mg with the 
development of marked toxemia This suggests that impairment of 
one function of the liver, as that of bile excretion, is not necessarily 
paralleled by impairment in the other physiologic activities of that organ 
There was no noteworthy change in the other nonprotem nitrogenous 
constituents of the blood studied The total nonprotem nitrogen, uric 
acid, creatmm and ammo-nitrogen came within the limits of the normal 
Renal Function — Renal insufficiency has long been recognized as a 
postoperative complication of obstructive jaundice Its importance has 
recently been emphasized by Walters and Parham among others 
Counseller has been studying the morphologic changes in the kidney 
incident to bile retention In general, however, in this series of cases 
we have not found evidence of serious renal damage apart from terminal 
or antemortem conditions The normal phenolsulphonephthalein excre- 
tion serves further to emphasize the slight degree of impairment of renal 
function accompanying marked retention of bile The majority of the 
patients with jaundice had varying degrees of albuminuria, usually slight, 
although casts frequently were present in the urine, but serious renal 
impairment was noted only as a terminal event 

Bile Pigments — Icterus is the most striking single clinical manifes- 
tation m patients with obstructive jaundice, and of itself affords specific 
evidence of functional distuibance in either the formation or excietion 
of bile Van den Bergh,^® m particular, has pointed out what an impor- 
tant index the bilirubin content of the blood is to the degree of retention 
of pigment and to the clinical condition of the patient Retention is 
evidenced in the blood before the development of the staining of the 
skin and sclerotics, characteristic of clinical icterus, and with the relief 
of obstruction the blood may return to normal before the disappearance 
of the color in the skin 

Patients with obstructive jaundice show an increase in the bilirubin 
content of the serum that is roughly proportional to the intensity of the 
staining of the conjunctivae The highest value in this series of cases 
was 52 7 mg per cent , more than twenty-five times the maximal normal 
value There was no essential difference between the cases m which the 
obstruction was due to stone or stricture and those in which it was due 
to carcinoma in the head of the pancreas In such jaundiced patients 
bilirubin is the preponderant serum pigment and the “icterus index’^ 
shows vaiiations proportional to the bilirubin content As pointed out 

11 Walters, W, and Parham, D Renal and Hepatic Insufficiency in 
Obstructive Jaundice, Surg, G 3 Tiec & Obst 35 605-609 (Nov) 1922 

12 Counseller, V S Personal communication to the authors 

13 Van den Bergh, A A H Der Gallenfarbstoff im Blute, Leiden, van 
Doesburgh, 1918, 8 
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in the previous paper, the “icterus index'' is of less value in patients with 
normal or slightly increased seium biliiubin because other serum pig- 
ments, especially those of vegetable origin, as from carrots, may result 
in a high index and so simulate bile retention The serum bilirubin 
values were normal in those patients with chronic cholecystitis It 
should be emphasized that the latter were studied during quiescent stages 
We have found that such patients (Case 59, Table 4) often have a slight 
increase in the serum bilirubin during acute attacks, and this has been 
further emphasized by de Takats This increase may not produce 
sufficient discoloration of the skin or conjunctivae to be clinically recog- 
nizable as icterus, but the study of the serum bilirubin by demonstrating 
the presence of this "latent icterus” or bihrubinemia often is of great 
diagnostic value The determination is relatively simple and rapid and 
deserves a prominent place among the laborator\f aids in the study and 
diagnosis of jaundice 



Fig 3 — ^Variation m serum bilirubin in different types of obstructive jaundice 
The maximal normal level is indicated, and m each group the average value is 
shown by the horizontal line 


PJienoltetrachloi phthalein — In the presence of an actual obstruction 
to the common duct, the study of the excretion of phenoltetrachlor- 
phthalein in the stools or by duodenal drainage is manifestly impossible 
The study of the rate of removal of this dye from the blood stream, as 
advocated by Rosenthal,^® greatly extends its clinical usefulness 

We have previously described the changes in the degree of dye 
retention following the experimental ligation of the common bile duct 

14 De Takats, Geza Latent Jaundice as a Symptom of Biliary Colic, Ann 
Surg 81 108-110 (Jan) 1925 

15 Rosenthal, S M An Improved Method for Using Phenoltetrachlor- 
phthalein as a Liver Function Test, J Pharm & Evper Therap 19 385-391 
(June) 1922 
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The changes obsei\ed chnically in cases of obstructive jaundice were 
similar In all the cases of definite icterus there was marked dye reten- 
tion The maximal reading in the one hour specimen was 48 per cent , 
and m most cases it was 20 per cent or more, in marked contrast to the 
maximal normal leading of 3 per cent 

The cases of cholec) stitis without jaundice for the most part did not 
show dye retention In six there was slight retention and the dj e read- 
ing in the one hour specimen varied between 6 and 8 per cent This 
was perhaps to be explained on the basis of an associated hepatitis In 
all the others the dye readings were normal 

The excretion of dye in the urine furnishes valuable confirmatory 
evidence regarding the degree of retention in the blood Normal persons 
and those with cholecystitis may excrete traces of dye in the two hour 



Fig 4 — ^Variations in degree of phenoltetrachlorphthalem retention in the 
different types of obstructive joundice The maximal normal level is indicated, 
and in each group the average value is shown by the horizontal line 


urine specimen following the injection In no instance, however, did 
the urine contain more than 1 mg of phenoltetrachlorphthalem without 
there likewise being marked dye retention m the blood stream 

COMMENT 

Frerichs,^® in 1858, in his discussion of jaundice said 

The bile which stagnates in the hepatic cells and bile ducts, in consequence 
of a mechanical impediment to its excretion, is carried into the blood by means 
of the veins and lymphatics When the impediment has its seat in the ductus 
choledochus, the bile first shows itself after three days b} a >ello\\ color ot 


16 Frenchs, FT A Clinical Treatise on Diseases of the Lner Xeu 
Sydenham Society of London, 1860, 1 93 
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the conjunctiva Its absorption into the blood takes place much earlier, but 
in order that the jaundiced color of the skin should become visible, a certain 
amount of concentration is necessary The color makes its appearance in the 
renal secretion sooner than it does m the skin, and the serous effusions m the 
various cavities of the body become tinged with pigment earlier than the urine 
I have repeatedly found cholepyrrhm (bilirubin) in the serum of the blood and 
in effusions into the abdominal and thoracic cavities, where no traces of a 
jaundiced tint had been present either in the urine or in the skin 

Apart fom the tinging of its plasma, the blood undergoes no remarkable 
change from the absorption of bile, its proximate principles vary, as numerous 
analyses have shown, according to the constitution of the individual, and so 
forth, without presenting any constant abnormality 

Recent advances in biochemical methods peimit us greatly to amplify 
this statement of Frenchs A more detailed and exact study is now 
possible, but the conclusion is the same Hepatic derangement results 
from bile retention in the body but, in general, serious disturbance of 
carbohydrate and protein metabolism has not been demonstrated A 
diminished fructose tolerance is observed in a small proportion of cases 
and the blood urea level tends to be somewhat lower than usual, but the 
changes are not sufficiently striking to be of diagnostic import in any 
individual case This result may also be inferred from the small 
amount of liver tissue found by McMaster and Rous and others to be 
sufficient to suppoit life 

While changes in the intermediary metabolism of protein or carbohy- 
drate are difficult of demonstration, disturbances in other physiologic 
activities of the liver may readily be shown The serum bilirubin and 
the phenoltetrachlorphthalein tests undergo characteristic changes The 
close parallelism between the degree of bile retention and of dye retention 
in cases of experimental obstruction of the common duct has already 
been pointed out Clinically there is much the same close relation 
between the intensity of the bihrubinemia and the degree of dye reten- 
tion Case 5 is of particular interest because, when first studied, the 
serum bilirubin was only slightly increased while the phenoltetrachlor- 
phthalein test was normal Following the development of obstruction, 
the serum bilirubin increased tenfold while there was marked dye reten- 
tion Case 4 is likewise of interest because, when first seen, there was a 
decrease in the dye retention associated with the complete disappearance 
of previous icterus Later, following temporary obstruction and jaun- 
dice of only a week’s duration, there was a definite increase in the degree 
of dye retention which became even more marked when complete obstruc- 
tion developed Case 3 is even more interesting because it was possible 
to study the whole cycle of changes associated with the development of 
obstruction and its relief 

17 McMaster, P D , and Rous, P The Biliary Obstruction Required to 
Produce Jaundice, J Exper Med 33 731 (June) 1921 
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The cases listed in the diffeient tables show the stages in the return 
to normal following the operative relief of the obstruction On the basis 
of oui observations we may conclude that, immediately following the 
establishment of active biliary drainage, there is a lapid and progiessivc 
decrease in the seium bihiubin Later the rate of removal becomes less 
rapid, and especially so if the prolonged jaundice has produced marked 
changes in the liver As in Case 3, the seium bilirubin may be slightly 
increased over the normal foi a consideiable period 

The changes shown by the phenoltetiachlorphthalein test aie similar 
to, but not identical with, those in the serum biliiubin There is a lapid 
decrease m the degree of retention during the first few days Theieafter 
there is a moderate degiee of dye retention which is persistent, and the 
return to normal is very greatly delayed Duimg this period the degree 
of dye retention is greater than would be expected in comparison with 
the amount of bilirubinemia The phenoltetrachlorphthalem findings 
may most readily be explained on the basis of the hepatitis desciibed 
as occurring in cases of jaundice and observed at operation in many of 
the cases The rapid changes immediately following the relief of the 
obstruction are perhaps evidences of a diiect action of the retained bile 
on the liver Experiments on the toxicity of bile, which will be lepoited 
later, apparently confirm this view With the removal of the excess bile 
there is partial recovery, but the phenoltetrachlorphthalem test then 
indicates the persistent injury to the livei consequent on the jaundice 
The association of hepatitis with cholecystitis is well recognized 
Graham^® and MacCaity and Jackson,^® among others, have desciibed 
the lymphocytic infiltration and fibiosis piesent in the livei These 
changes are most marked in the neighborhood of the gallbladdei It 
has been suggested that this hepatitis is responsible foi the lecurrence 
of symptoms in a small proportion of cases following cholecystectomy 
The normal laboratory findings in the majority of the cases of 
cholecystitis, howevei , would indicate that this hepatitis does not pi oduce 
any marked degree of functional distuibance 

We have stiessed the close paiallelism between the behavior of the 
serum bilirubin and the phenoltetrachlorphthalem in this series of cases 
That the two readings do not have the same significance is shown by 
the behavior duiing the later portion of the recovery period It is also 
demonstrated by the findings in cases of cirrhosis or carcinomatous 
involvement of the liver in which theie may be marked dye retention 
without any bilirubinemia These cases will be reported separately 

18 Graham, E A Hepatitis A Constant Accompaniment of Cholecystitis, 
Surg , Gynec & Obst 26 521-537 (May) 1918 

19 MacCarty, W C, and Jackson, Arnold The Relation of Hepatitis to 
Cholecystitis, Minn Med 4 377-382 (June) 1921 
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CONCLUSIONS 

The greatei' number of tests of hepatic function studied fail to show 
significant, or sufficiently specific, changes to be of any great clinical 
value in the study of patients with obstructive jaundice The fructose 
tolerance shows apparently characteristic changes following experimental 
obstruction to the biliary passages Clinically, however, the results are 
too inconstant and the possibility of pancreatic effects too great for the 
test to be of value The blood uiea level, on the average, apparently is 
slightly lowered in cases of marked jaundice This change again is too 
slight to be clinically significant in the study of any individual patient 

The most readily demonstiated changes in cases of obstructive jaun- 
dice are those in bile pigment metabolism The icterus of itself is 
objective and conclusive evidence of disturbance in hepatic function 
Changes in the serum bilirubin, however, precede the changes in the skin 
and conjunctiva Accordingly, the determination of the serum bilirubin 
is the most sensitive and accurate index to changes in the degree of 
pigment retention, and so affords a quantitative guide to the progress 
of the jaundice In addition, it permits the recognition of “latent 
icterus,” which is of importance 

In cases of obstructive jaundice there is marked retention of phenol- 
tetrachlorphthalein in the blood stream that roughly corresponds to the 
degree of bile retention This apparently indicates primarily the effect 
of the bile retention on the liver After the complete disappearance of 
the jaundice and return of the serum bilirubin level to normal, there 
frequently is a persistent slight degree of dye retention that apparently 
indicates the degree of residual hepatic disturbance remaining in conse- 
quence of the jaundice 

These two tests give promise of definite clinical usefulness in the 
study, and particularly the quantitative study of the functional changes 
in patients with obstructive jaundice 



THE AURICLES IN CASES OF AURICULAR 
FIBRILLATION 

CHANNING FROTHINGHAM, MD 

BOSTON 

Although a remarkable advance has been made m recent years m the 
knovriedge o£ the irregularities of cardiac rhythm and of abnoimal 
cardiac rates and very definite ideas have been established in regal d to the 
mechanisms that undeily these abnormalities, very little has been added 
to the knowledge of the condition of the walls of the heart, especially of 
the auricles, which might be a factor in producing some of these dis- 
turbances m rate and rhythm Many of these abnormalities in cardiac 
rate and rhythm are associated with disturbance in the normal action 
of the auricles, and still m most pathologic reports on the heart there 
IS very little information given m regard to the condition of the auricular 
walls as compared with those of the ventricles It is hoped that in the 
futuie pathologists will include in their routine description of the heart 
some information in regard to the degree of dilatation of the auricles, 
the thickness of their walls, and both the gross and the microscopic 
appearance of the muscle and other tissue m the walls of the auricles 
This study was undertaken in order to find out if, in cases with auricular 
fibrillation, any lesions could be detected in the auricles which might be 
considered as a factor in the production of the fibrillation or as a result 
of It 

Before the nature of auricular fibrillation was as well undersood as 
It IS at present, a few workers had described lesions in the walls of the 
auricles in hearts with irregular rhythm Among them Radasensk> ^ 
in 1895 reported the appearance of fibrosis in the walls of the auricles 
in SIX cases in which the cardiac rhythm was irregular Also, in 1899 
Dehio ^ described fibrosis in the right auricle of hearts that had shown 
irregularity 

A few years later, as the polygraph began to show what was happen- 
ing in the heart during auricular fibrillation, it was thought that the 
condition might be associated with some lesion in the neighborhood of or 
at the sino-auncular node, and the attention of several workers ivas 
directed to this region of the heart As a result, Schonberg,^ Cohn and 

■*= From the Medical Clinic and the Pathological Laborator\ of the Peter Bent 
Brigham Hospital and the Department of Medicine of Harvard UnuersiU 

1 Radasensky Ztschr f klin Med 27 381, 189o 

2 Dehio Deutsch Arch f klin Med 62 1, 1899 

3 Schonberg Frankfurt Ztschr f Path 2 153 1909 
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Lewis/ Falconer and Dean/ Drapei ® and Hnme ^ all reported the 
presence of some lesions in this region No one of these workers 
reported any characteristic acute lesion In general an increase in con- 
nective or fatty tissues, chronic changes of the blood vessels or some 
infiltration with leukocytes were the lesions described Price and 
McKenzie,® on the other hand, did not consider that there was any more 
fibrosis in the region of the sino-auricular node in cases with auricular 
fibrillation than in those in which the cardiac rhythm was regular In 
addition, Southerland and Coombs ° reported the presence of fat through- 
out the auricular musculature and an increase in endothelial cells in a 
case of auricular fibrillation associated with an acute infection In this 
case, similar lesions also were present in the walls of the ventricles 

Apparently, interest in the attempt to put the cause of auricular 
fibrillation on an anatomic basis waned after these few studies, because 
one finds very little on this subject in the literature after 1914 Possibly 
this was due to the fact that subsequent studies on the nature of 
auricular fibrillation showed that it was not clear just what was going 
on and that very likely the trouble might not be with the sino-auncular 
node Cohn,^® in Nelson’s Loose Leaf System of Medicine, says that 
the pathologic lesions reported in the sinus region in cases of auricular 
fibnllation are not striking He also mentions that the transient nature 
of auricular fibrillation in some cases suggests that there is no chronic 
organic lesion as the underlying cause 

Although at the present time it has not been definitely established in 
just what way fibrillation of the auricles begins and why it continues, 
a good review of the subject has been prepared by Garey which bnngs 
out the various theories that have been advanced to account for the condi- 
tion In auricular fibrillation disturbances may occur in the pacemaker 
so that an abnormal number of impulses aie sent out to the auncular 
muscle, or the control of the heart beat may be taken over by some other 
than the normal pacemaker In addition, the conduction system for 
impulses m the auricular wall may be functioning in an abnormal 
manner There has not been described any special tissue in the auricles 
for the transmission of impulses so it is presumed that the muscular 
tissue IS the pathway along which tiavel the impulses to set off the 
muscular contractions Finally, the muscle tissue itself in auricular 

4 Cohn, A E , and Lewis, T Heart 4 15, 1912-1913 

5 Falconer, H W , and Dean, G Heart 4 87, 1912-1913 , ibid 3 247, 
1911-1912 

6 Draper Heart 3 13, 1911-1912 

7 Hume, W E Heart 5 25, 1913-1914 

8 Price, F W, and McKenzie, I Heart 3 233, 1911-1912 

9 Southerland, G A, and Coombs, C F Heart 5 15, 1913-1914 

10 Cohn Nelson’s Loose Leaf System of Medicine 4 333, 1920 

11 Garey Physiol Rev 4 215, 1924 
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fibrillation may be in some way disturbed so that it does not lespond to 
the stimuli in the usual mannei It is obvious therefore that with our 
present knowledge there is no one place m the auricles to which one 
might turn with the hope of finding a lesion to account for auricular 
fibrillation 

In this work, therefore, an attempt was made to study the auricles 
in the region of the sino-auricular node m order to see if there were an} 
lesions about the pacemaker, and also to study the muscular tissue in 
other parts of the auricle in order to pick up, if possible, any lesions of 
the muscle that might be a factor in disturbing the passage of impulses 
or the response of the muscle to impulses If any lesion should appear 
generally distnbuted throughout the muscle, it might, of course, be 
the result of auricular fibrillation and not a factor m the production of 
the condition By a study of the relation of such a lesion to the dura- 
tion of the auncular fibrillation, some idea might be formed as to 
whether a diffusely scattered lesion was the result or cause of the 
irregularity Attention also was paid to the age of the subject as uell 
as to the duration of the auncular fibrillation in order not to confuse 
lesions due to advancing years with changes in the auricular wall which 
might be the cause or result of this irregularity In addition, the gross 
appearance of the auricles in regard to their size and the condition of 
their walls, as well as the size of the heart as a whole and any valvulai 
defects or lesions in the ventricular walls, were studied in order to find 
if any peculiarities along these lines were associated with auriculai 
fibrillation with sufficient constancy to he thought a factor in its pioduc- 
tion As so little is described about the condition of the auricles in 
reports of necropsies, it was felt that careful control material lepiesent- 
ing similar ages to those of the patients with auncular fibrillation should 
be studied In this work the material from control cases represented 
both acute and chronic disease 

The gross appeal ance of the cavities of the auricles, the thickness of 
the walls, the weight of the hearts and any valvular defects or lesions 
in the ventricular walls were noted in this compilation of cases For 
microscopic study, tissue was taken from the region of the sino-auncular 
node, that is, between the entrance of the superior vena cava and the 
right auricular appendage and from the septum between the two auricles 
in the region of the foramen oi'ule, usually between the foramen and 
legion of the sino-auricular node In addition, a piece of the wall of 
the left auricle between the entrances of the pulmonary veins was studied 
and also a bit of tissue from the left auricular appendage The tissues 
for microscopic study were fixed either in Zenker’s fluid or 10 per cent 
f ormaldehyd solution and stained by eosm and meth} lene blue or hema- 
toxylin and eosin, respectu ely, depending on the fixatn e 
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In the group of cases that were studied there were eleven cases of 
auricular fibrillation associated with both acute and chronic diseases 
In seven of these cases, the heart had been in constant auricular fibrilla- 
tion for several days at least before death, and in one instance the 
auricular fibrillation had been present for several years In three of 
the cases, the auricular fibrillation was a transient affair and in one 
instance apparently just a terminal phenomenon The age of the sub- 
jects with auricular fibrillation varied from 21 years to over 70 The 
patient with fibrillation as a terminal event was just past 50 years of 
age, and the three patients with transient auricular fibrillation ranged 
from 40 to over 70 years of age For comparison with these eleven cases 
with auricular fibrillation there were studied in a similar manner twent} - 
three others in which the heart action was regular The ages of the 
control patients vaned from 10 years to over 70 years, and they suffered 
from a vanety of acute and chronic diseases 

Unfortunately, in many of the necropsy protocols no mention was 
made of the gross appearance of the auricles and, therefore, in these 
cases it had to be assumed that the auricles were approximately normal in 
appearance It is appreciated that it would have been more satisfactory 
if an actual statement had been made that the auricles appeared nonnal, 
but there were sufficient notes on the abnormal appearance of the auricles 
in certain cases to justify the belief that if there had been anything 
striking in their appearance a note would have been made of it 

In the group of prolonged fibnllators, four of the seven cases pre- 
sented evidence of dilatation of one or both auncles, but in the other 
three no mention was made of dilatation In the four cases in which 
the auricular fibrillation was more transient m character, a dilatation of 
the right auncle in one instance was the only mention of that gross 
lesion Of course, there may be several factors which can lead to 
auricular fibnllation, and dilatation of the auncles may be this factoi m 
certain cases, but it seems quite evident from the foregoing figures that 
dilatation of one or both auricles is not essential to the production of 
this type of cardiac irregularity That dilatation of the auricles may 
occur without auricular fibrillation is, of course, well known, and this 
was confirmed by the control cases in which seven out of twenty-three 
showed dilatation of one or both auricles 

In only three of the eleven cases of auricular fibrillation was any 
appreciable abnormality of the walls of the auricle recorded In one of 
these three, the walls of both auricles were thought to be thinner than 
normal, in another the right auricular wall was thickened, and in the 
third the left auricular wall was described as thickened in one place and 
thinner than usual in another Certainly with these meager findings 
•which are also quite variable, one is not justified in concluding that 
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there is an}^ gross disturbance in the auricular wall as yet desci ibed that 
IS a factoi in the production of auiicular fibrillation 

The weight of the heart as a whole was not essentially different in 
the cases with auricular fibrillation from the other cases The weights 
of the hearts with the more prolonged fibrillation varied from 410 to 
700 gm , with an aveiage of 546 gm , which indicated a model ate enlaige- 
ment In the cases with more transient fibrillation the heaits varied 
from 240 to 520 gm , with an aveiage of 357 gm Theie is certainly 
nothing unusual enough about these weights to indicate that there is any 
relation between the size of the heart and this type of iiiegularity 

In this group with auricular fibrillation, there also were no lesions 
of the valves or myocardium of the ventiicles which occurred with 
sufficient regularity to justify a belief that they aie essential to the 
production of this type of irregularity In the seven cases of more 
piolonged fibrillation, the valves and musculatuie of the ventricles were 
leported as normal in foui In one there was marked distuibance 
of the valves, in another there were chronic changes in the myo- 
caidium of the ventricles, and in the third an mfaiction of the wall 
of the ventricle In the cases with more transient fibrillation, one of 
the three showed chronic changes m the musculatuie of the ventiiculai 
walls due to coronary disease, but m the other two there was no apparent 
chronic disease of the ventiicular muscle or of the valves In one of 
these two, there were yellowish streaks m the cardiac muscle, pi esumably 
due to the general sepsis that was present 

On the whole, with the data accumulated from these cases it is quite 
evident that there is no gross lesion in the heart that is essential to the 
production of aunculai fibrillation Although it is evident from clinical 
observation that stenosis of the mitral valve with subsequent dilatation 
of the auricles is often associated with fibrillation of the auricles, this 
irregularity was present in this senes often enough without any valvulai 
disease or dilatation of the auricles to rule out these conditions as 
essential 

In taking up the microscopic study of the tissues from the auricles, 
attention was first focused on the sino-auricular node region m order to 
see if any of the lesions described by the eailier workers could be found 
In comparing the cases with fibrillation and those without in patients 
of the same age, it was quite apparent that there was no increase of 
connective tissue or definite seal formation in the tissues from the 
sino-auncular node legion, and as far as could be detei mined the tissue 
that was thought to be the nodal tissue appeared the same in the fibrilla- 
tors as m the controls So far as the aitenes were concerned there 
were some scleiotic changes in the blood vessels in certain cases, but 
these changes seemed to be related to the age of the patient and occurred 
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just as often in the cases without auricular fibrillation as with it Theie 
was considerable edema of the tissues in this region in some instances, 
but it was not present in the majority of the cases with auricular fibrilla- 
tion and also it was present in some of the controls In the muscle tissue 
itself there was no lesion peculiar to this legion, although a lesion did 
occur here as well as elsewhere in the muscle tissue of the auricles which 
will be described below This lesion in the muscle tissue was present 
more often in the cases with auncular fibrillation than m the controls 
In nine out of the eleven cases with fibrillation this degenerative lesion 
of the muscle was present In fifteen control cases representing the 
same periods of age, this degenerative lesion in the muscle was only 
present in four instances It is apparent therefore that this lesion in 
the muscle occurs more frequently in cases with auncular fibnilation 
than m cases without it Although in a few instances there was some 
invasion of the connective tissue in this region by endothelial cells and 
leukocytes, it did not occur any more often in the cases with fibrillation 
than in the controls and in many instances was apparently associated 
with the other pathologic conditions present in the case, it theiefore 
presumably was not of importance in regard to the cardiac irregularity 

These cases did not support the views advanced by most of the previ- 
ous workers that there was a definite lesion in the region of the smo- 
auricular node in cases of auricular fibrillation In the walls of the 
auricles away from this node there seemed to be no appreciable difference 
whether the tissue was taken from the left auricle or in the septum 
between the auricles In general, the tissue taken from the left auricular 
appendage did not show quite so much as the other bits of the auricles 
in those instances in which some lesion was present in the muscle 
Except for an occasional lesion that was obviously associated with the 
disease from which the patient suffered, irrespective of the cardiac 
condition, the abnormalities in the tissues were the same as those seen 
in the region of the sino-auricular node and occurred with the same 
relative frequency among the fibrillators and the controls The inter- 
esting lesion in these cases was the one in the muscle fibers that was 
mentioned above 

The lesion that was generally distributed throughout the muscle of 
the auricles in certain cases varied considerably in intensity in the 
different cases The slightest abnormality noted was an edema of the 
muscle fibers with vacuolization and some slight changes in the staining 
reaction of the fibers which suggested degeneration When the process 
was more pronounced, the vacuolization increased, the striations in the 
fibers disappeared in part, and the changes in the staining reaction 
increased The nuclei of the muscle fibers showed very little, if any, 
change and the disturbance in the fiber did not necessarily extend 
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throughout the whole of the individual fiber In the instance in which 
the fibers showed the most marked disturbance, actual necrosis of part 
or all of the fiber took place and cellular reaction with phagocytes 
invading the muscle was m some instances present It is rather striking 
how little if any cellular reaction was present m the milder forms of this 
degeneration of the muscle fibers No evidence of appreciable reaction 
on the part of the supportive connective tissue framework was observed, 
nor was there any acute lesion made out in the blood vessels In some 
instances there was marked interstitial edema as well as the lesion in the 
muscle However, this interstitial edema occurred in other cases in 
which the lesion in the muscle was absent, so there may be no relation 
between the two It seems probable that these various lesions are all 
different stages of the same process but, of course, it cannot be absolutely 
established that they are not the result of different causes Just what the 
end-result of this degenerative lesion in the muscle will be could not be 
determined from these cases 

It IS difficult to decide whether this degenerative lesion in the 
auricular muscle bears any relation to the production of auricular 
fibrillation or might result from it The lesion does occur without 
auricular fibrillation but not with anywhere near as much frequency and 
not to such a marked degree On the other hand, m two out of the 
eleven cases with fibrillation this lesion was not found This lesion does 
not seem to represent a disturbance of old age, for in one case with 
auricular fibrillation of long standing in a patient over 70 years of age 
the lesion was not found, the lesion was present, however, at all ages 
among the fibrillators, and among the controls it was not confined to the 
older patients That there is some relation between auncular fibrillation 
and this lesion is suggested by the frequency with which it was found in 
these cases in compaiison to its occurrence in regularly beating hearts, 
but it may as well be the result of the auricular fibrillation as a factor in 
its production 

From the study of this small group of cases it was evident that there 
was no typical lesion in the auricles that could be looked on as the 
cause of auricular fibrillation A slight degenerative lesion was found 
in the muscle fibers of the auricles much more frequently with auricular 
fibrillation than in regularly beating hearts of the same age It is inter- 
esting to speculate whether this lesion was the result of the irregularity 
of rhythm or a factor in its production, by causing some defect in the 
conduction of impulses or in the ability of the muscle to respond to the 
impulses 



VENOUS PULSE PRESSURE 

A CLINICAL NOTE 
WILLIAM S MIDDLETON MD 

MADISON, WIS 

In a recently published study of the centripetal venous pulse m man, 
White ^ discusses the unfruitful efforts to measure the pulse pressure m 
the veins The residuum of pressure from the arterial side would appear 
insufficient to affect manometnc readings through the intravenous can- 
nula, in his judgment Furthermore, the success of White's observa- 
tions on the centripetal venous pulse depends on a proper equalization 
of pressure within the glass capsule with the diastolic venous pressure 
The difficulties encountered in this direction warrant recounting the 
following case 

REPORT or CASE 

E G , a male student, aged 23, was admitted to the University Infirmary, March 
28, 1924, m marked cardiac decompensation, manifested by persistent vomiting, 
dyspnea, cyanosis and palpitation The underlying cardiac condition, which had 
existed for eleven years, consisted of double aortic and double mitral lesions 
March 29, the symptoms of cardiac embarrassment became more pronounced 
and the venous pressure registered 18 cm of water A venesection of 16 ounces 
(473 1 c c ) was performed, with a fall of the venous pressure to 8 cm and 
marked general improvement The arterial blood pressure was 160 mm systolic 
and 20 mm diastolic For the first time a positive centripetal pulsation in the 
veins on the back of the hand became apparent 

The advantage gained by venesection was maintained The venous pressure 
did not subsequently exceed 12 cm in spite of a complicating pericarditis which 
intervened April 1 The centripetal venous pulse continued until April 6 April 5, 
complete occlusion of the vein under observation was obtained at 12 cm The 
vein collapsed at 8 cm , but with each systole there was a visible pulsation in the 
studied segment of the vein until a pressure of 12 cm was reached Both 
end points were very distinct and were repeatedly confirmed 

This observation was interpreted to mean that during the cardiac 
systole a pressure of 12 cm of water existed in the peripheral veins and 
that on diastole this pressure fell to 8 cm , giving a venous pulse pressure 
of 4 cm Obviously several factors, such as fever, heightened the 
venous pressure, and a dilated vascular bed in the presence of the exces- 
sive pulse pressure of aortic regurgitation combined to make such an 
observation possible in this subject, since repeated studies have failed to 
duplicate the foregoing findings Indeed, the same subject four months 
later, having recovered his accustomed degree of cardiac compensation, 
did not show even the Quincke centripetal venous pulse 


*From the University of Wisconsin Medical School 
1 White, H L Arch Int Med 35 124 (Jan ) 1925 
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La Sifilide Ignorata e Strana Second Edition By Prof C Martelli 
Naples V Idelson, 1923 

This valuable treatise belies its name It not only deals with the rarer 
manifestations of syphilis, but also covers the entire subject 

The first half of the book consists of an orderly presentation of our present 
knowledge of the disease, the remainder is taken up with the more unusual 
types The method is excellent from the standpoint of the student, as all but 
the barest outline of the clinical manifestations of the disease is included 
in the second portion, which is classified by anatomic systems This has 
enabled the author to paint an unusually clear and vivid picture of the routine 
case m the first section, unencumbered by detail and variants 

The laboratory side of the problem is excellently presented, the sections 
on the spirochete, the Wassermann and other serologic and chemical tests 
being unusually clear and concise In this connection, I wonder how many 
of us would dispose of the Lange colloidal gold reaction in a single sentence as 
“superfluous ” The chapters on therapy cover not only the routine drugs used 
but also a thorough review of the chemotherapy of syphilis with a large variety 
of substances both old and new Martelli is partial to the use of lodids, uses 
both inunctions and injections of mercury as a routine, and pushes the arsenicals 
rather heroically, not hesitating to give intramuscular injections in many 
cases In the case of very young children, he leans toward conservatism After 
his statements concerning the inability of the stomach to deal with adequate 
amounts of mercury in the adult, the prescription on Page 215, intended for the 
oral chemotherapy of children, seems rather fantastic 

In the second portion one might well take exception to much of the 
pathology described as syphilis Diseases in patients with positive Wasser- 
mann reactions are not necessarily syphilitic, even though the patients do 
recover under antisyphilitic treatment This is presumptive evidence that will 
not satisfy most scientists There are 136 cases described in the volume as 
examples of disease The author seems fully cognizant of the dangers of this 
method an^ speaks of “pansifilistas” whose enthusiasm induces them to ascribe 
all pathologic conditions to the spirochete However, as a horrible example 
of this tendency, he quotes a case of frank syphilis, in which the patient 
developed inflamed joints, but declares that it was only rheumatism, because the 
patient recovered under salicylates ' It is only fair to state, however, that most 
of the illustrative material is genuine, many cases being checked by operation, 
necropsy or other incontrovertible evidence 

The book is illustrated with many excellent photomicrographs and drawings, 
some in colors, but is marred by the inclusion of some wretched sketches of 
intravenous injections and a few poor photographs 

The indexing is excellent, and a very elaboiate classified bibliography is 
included The latter is noticeably lacking in references to the English and 
American literature 

Pernicious Anemia and Aplastic Anemia By Arthur Sheard, MD A 
Thesis Presented for the Degree of Doctor of Medicine, University of 
Leeds New York, William Wood & Co, 1924 

A detailed study is given of fifteen consecutive cases of pernicious anemia, 
one of hemolytic jaundice and one of aplastic anemia, and a review of ninety 
cases of pernicious anemia in the Leeds General Infirmary in the preceding 
ten years 

In the cases of pernicious anemia, the cord changes, achlorhydria and bone 
marrow changes are discussed in particular detail and the other features are 



446 


ARCHIVES OF INTERNAL MEDICINE 


adequately considered The author concludes that it is caused by an infec- 
tious agent in the gastro-intestinal tract, occurring only in subjects with 
achlorhydria This is contrary to American ideas, as some cases of advanced 
pernicious anemia may retain a practically normal gastric acidity 

Aplastic anemia, the author believes, belongs to a pathologic syndrome, 
occurring either secondarily to toxic factors or primarily It bears no rela- 
tion to pernicious anemia It may occur in all grades of severity and may show 
equal or disproportionate deficiency in the three blood elements, erythrocytes, 
leukocytes and platelets Blood transfusions offer the only remedial hope 

Precis de Clinique Semiologique By Gaston Lyon Pans, Masson et Cie, 
1924 

This excellent volume should make a good practitioner of its careful 
readers While not pretentious, it takes up in a careful, systematic way the 
examination, diagnosis and treatment of patients Beginning with a detailed 
chapter on history taking, physical examination and laboratory examinations, 
the author gives numerous valuable points with their significance clearly 
indicated A detailed outline of system examinations follows, with inter- 
pretation of findings, special consideration being given to the diagnosis and the 
cause of symptoms The digestive, repiratory, circulatory, urinary and nervous 
systems are dealt with at length Prognosis receives careful consideration and 
the question of complications is well presented 

The detailed consideration of therapy includes chemical, physical, surgical, 
as well as colloidal, glandular and psychiatric methods A chapter on the 
action of medicines follows, and the necessity of choosing the appropriate one 
from a number of possible drugs is emphasized 

Throughout is emphasized the need for careful and accurate study to deter- 
mine not merely the diagnosis, such as pharyngitis, but also the underlying 
cause of the malady 

Jahresbericht uber Die Gesamte Innere Medizin und Ihre Genzgebrietf 
Berlin, Julius Springer, 1921 

This IS an annual bibliography covering the entire field of internal medicine 
and biology The major fields covered are general physiology and biology, 
pathology, diagnostic and symptomatic, therapy, pharmacology and toxicologj', 
infection and parasitology, serology and immunity, metabolism', internal 
secretions, and a classification by systems of the digestive tract, liver and 
gallbladder, pancreas, spleen, urinogenital tract, blood, circulation, respira- 
tion , locomotion, and the neurologic system 

The volume is seven hundred and twenty pages The references, pre- 
dominantly German, include some American and French, but relatively few 
others 
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BLOOD AND SYMPTOMATIC CHANGES FOLLOWING 
THE INTRAVENOUS ADMINISTRATION OF A 
VARIETY OF AGENTS AND SOLUTIONS* 

P J HANZLIK, MD 
F DE EDS, PhD 

AND ' 

M L TAINTER, MD 

SAN rRANCISCO 

The object of this study was to observe the changes m composition 
and appearance of the blood occurring immediately after the intravenous 
injection of a variety of agents These included some that cause anaphy- 
lactoid reactions in animals and some that are exploited for therapeutic 
purposes m human subjects In this way, additional information regard- 
ing the effects of intravenous injections could be secured, and the 
hypothesis of hemoclasis or colloidoclasis, that is to say, disturbances in 
physical and chemical mechanisms of the blood and tissues, as the 
explanation of the changes and reactions could be tested The analysis 
of blood was limited to the more important constituents and changes 
that might accompany such states as collapse, anoxemia, asphyxia, intra- 
vascular coagulation and thrombosis, which occur in varying degrees 
during the acute reactions from many agents injected intravenously 
These have been described previously by several investigators The 
literature of the subject has been reviewed in the publications of Hanzlik 
and Karsner ^ and recently brought up to date by one of us ^ It will 
therefore be omitted in this paper, except for a few of the more impor- 
tant and recent papers related to our work 

Numerous details recorded in these publications agree with the views 
that the anaphylactoid reactions rest on a physical-chemical basis, and 
that intravenous medication in general is dangerous This holds even 

From the Department of Pharmacology, Stanford University School of 
Medicine 

* This investigation was supported in part by a grant from the Therapeutic 
Research Committee of the Council on Pharmacy and Chemistry of the American 
Medical Association 

1 Hanzlik, P J , and Karsner, H T J Pharm & Exper Therap 14 379, 
425 (Jan ) , 449, 463, 479 (Feb ) 1920, ibid 23 173, 237, 243 (April) 1924 

2 Hanzlik, P J Basis of Allergic Phenomena, J A M A 82 2001 (June 
21) 1924 
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for agents which appear to be i datively inert but which, nevertheless, act 
as foreign bodies in the blood stream and produce contact phenomena 
that determine the physical and chemical changes and mediate functional 
changes in the cells variously recognizable as symptoms and reactions 
The results of tlie present study corroborate the Views expressed by 
several investigato'rs In fact, they constitute a measure of proof of 
physical and chemical disturbances and confirm the limited reports on a 
few agents previously studied by otheis 

METHODS 

In their studies on anaphylactoid phenomena, Hanzhk and Karsner^ used 
guinea-pigs and some cats In the present study, dogs were used throughout, 
because the extensive analyses that were made necessitated larger quantities 
of blood than can be obtained from smaller animals Certain of the agents 
that were used, for example, histamm, are known to give different symptomatic 
responses in dogs than m guinea-pigs, but others, namely, arsphenamin, acacia, 
agar, copper sulphate and kaolin, were found by us to give practically identical 
responses in the two species In work going on in this laboratory with pigeons, 
the symptomatic responses are similar to those of guinea-pigs, and the chemical 
and physical changes in the blood are similar to those of dogs In the agglutination 
studies of Karsner and Hanzlik,i practically identical responses were obtained 
with cat, human and guinea-pig bloods Hence, the general results in different 
species appear to agree fairly well and further justify the use of dogs in the 
present connection for obtaining an idea of the blood and tissue changes after 
the intravenous injection of agents causing anaphylactoid reactions 

Both morphinized and unmorphmized dogs with and without artificial respira- 
tion were used When morphin was used, the dosage ranged from 0 25 to 0 5 c c 
of 4 per cent solution per kilogram subcutaneously Light ether anesthesia was 
administered to all animals for the minor operative procedures that were carried 
out, namely, exposure and connection of the carotid artery for blood pressure 
record, insertion of a T-tracheal cannula and exposure of, and insertion of 
cannulas into, the saphenous vein and femoral artery Then the ether anesthesia 
was discontinued during the remainder of the experiment Kymographic records 
were made of blood pressure from a mercury manometer and of respiration 
from a tambour connected with a Woulff bottle, which, iii turn, was joined to 
the tracheal cannula, the side arms of which w'as open so as to avoid asphyxia 
Changes in temperature were recorded from a rectal thermometer Careful 
records of symptoms and pulse and respiratory rates also were made 

All the agents and solutions were previously warmed and injected slowly 
into the saphenous vein from a buret As a rule, the dosage was small and 
corresponded to that used for therapeutic purposes in human subjects The 
doses of all agents used are recorded in the tables In the majority of dogs 
more than one agent or solution was injected This was done for economical 
reasons and also to observe changes under as many different conditions as 
possible In many instances, the composition of the blood was changed by 
the first injection, so that the changes from subsequent injections of the same 
or different agents were additive However, by reversing the order of injection of 
the agents, it was possible to secure first effects from all agents and also their 
effects under modified conditions of the preceding injections In many instances, 
the changes produced were temporary and subsequent injections gave practically 
uncomplicated results In any case, all conditions pertaining to such functions 
as respiration, blood pressure and temperature, and the composition of the blood 
. w^ere noted In this way, we were able to secure economically numerous results 
under uncomplicated and complicated conditions, all of which served the purpose 
of the study Certain complications, for example, circulatory collapse and 
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shock, which supervened on the first injection, served the purpose in that 
such conditions constitute indications for treatment by certain solutions (acacia 
and hypertonic sugar and salt solutions), according to their advocates And 
It IS in such conditions, rather than in health, that the blood, tissue and symp- 
tomatic changes are of practical interest 

Blood for the analysis was almost invariably drawn from the femoral artery 
through a long, bent glass cannula, the distal or free end of which was under from 
10 to IS cc of clean liquid petrolatum in a large test tube containing a little 
dry oxalate In this way loss of carbon dioxid was reduced to the minimum 
Between 15 and 17 cc was drawn with each bleeding, 15 cc being necessary 
m the analyses that were made A control sample was always secured before 
an injection was made The number of samples secured varied, but in general 
three or four were secured at fifteen minute intervals In a few instances of 
fatal injections, only one or two samples were secured, and under these condi- 
tions blood was occasionally obtained from the heart This is noted in the tables 
The following analyses were made as quickly as possible after the blood 
was drawn The hydrogen ion concentration was estimated colorimetrically 
and electrometncally In the colorimetric method, 1 cc. of blood was dialyzed 
under liquid petrolatum against 09 per cent sodium chlorid solution, also under 
liquid petrolatum At the end of from five to ten minutes, the dialysate was 
treated with phenolsulphonephthalein and matched at once against standards 
according to the method of Levy, Rowntree and Marriott s The colorimetric 
result was confirmed electrometncally as often as possible, and when the value 
appeared to be unusual or important In the beginning of our work, we used 
2 5 c c of blood for the electrometric measurements, but during the course of 
the work refinement m the apparatus and techpic permitted us to use 05 cc 
for a large proportion of the measurements and eventually 'only 1 drop of 
blood was used. The electrometric technic has been previously described by 
De Eds and Hanzlik^ and need not be repeated here 

Suffice It to say that we took special precautions to control the accuracy 
of the results obtained by testing the apparatus frequently with standard 
phthalate {ps 3 97) and with bloods of induced asphyxia Hemoglobin esti- 
mations were made for the purpose of observing changes in blood volume, using 
0 5 c c of blood diluted to 1 per cent solution according to Palmer's ^ technic 
Carbon dioxid content, and capacity (alkaline reserve) were estimated in 5 cc 
of plasma (centrifugalized and kept under liquid petrolatum) according to Van 
Slyke and Cullen’s method® Urea-nitrogen was estimated by the Van Slyke- 
Cullen modification’ of the urease-aeration method of Marshall, using 1 cc of 
blood Ammonia was estimated according to Fohn’s ® aeration method in 1 5 c c 
of blood, many of the estimations having been made on samples that had been 
used previously for the electrometric estimations of pa For the ammonia, the 
sacrifice of blood was as small as possible, owing to the uncertain significance of 
small changes in its content Lactic acid was estimated in 5 c c of blood colori- 
metrically with the aid of a Benedict colorimeter according to Harrop’s ® method, 
using zinc lactate as the standard Precipitation with 5 per cent copper sulphate 
solution was found to be most suitable for dog blood The addition of 005 mg 


3 Levy, R L , Rowntree, L G , and Marriott, W M A Simple Method for 
Determining Variations in the Hydrogen Ion Concentration of the Blood, Arch 
Int Med 16 389 (Sept) 1915 

4 De Eds, F, and Hanzlik, P J J Biol Chem 60 355 (June) 1924 

5 Palmer, W W J Biol Chem 33 119 (Jan ) 1918 

6 Van Slyke, D D , and Cullen, G E J Biol Chem 30 289 (June) 1917 

7 Van Slyke, D D , and Cullen, G E A Permanent Preparation of 
Urease, and Its Use for Rapid and Accurate Determination of Urea, JAMA 
62 1558 (May 16) 1914 

8 Folin, O A Laboratory Manual of Biologic Chemistry, D Appleton & 
Co, 1916 

9 Harrop Proc Soc Exper Biol & Med 17 162, 1920 
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of lactic acid to old serum was found to be the limit of sensitivity , 0 1 gm was 
readily detected and 0 5 mg in 5 cc, equivalent to 001 per cent concentration, 
gave a deep rose color The normal lactic acid content of blood ranges from 
about 0 029 to 0 1 per cent , i e , from 1 to 5 mg in 5 c c of blood 

The method, therefore, was sufficiently accurate for our purpose and decidedly 
advantageous over the time consuming extraction methods Dextrose, phenol, 
acetic acid, alcohol and agar in blood gave negative tests with the reagents 
used m the method Acacia gave a very slight pinkish yellow or brown and 
therefore not the characteristic color change Hence, it appeared that these 
agents as constituents of the solutions that were injected did not contribute 
to the increases m lactic acid content when such were found Total phosphate 
was estimated in 25 cc of blood according to the method of Bell and Doisy^o 
Sugar was determined in 2 cc of blood by the picramic method of Benedict 
according to the technic of Myers and Bailey n 

The sedimentation rate of corpuscles was obtained by comparing the column 
of corpuscles that separated from the plasma in a given time with the control 
samples of blood This was done in both large and small test tubes Frequently 
this phenomenon was very striking in comparison with the control tubes and 
merely required note of the fact There were variations, of course, and under 
our conditions time was not available to evaluate these properly, the results 
are, therefore, recorded only wnth respect to an increase in rate of sedimentation 
or its absence Almost invariably an increase m sedimentation rate w'as accom- 
panied by agglutination, which could be recognized frequently in tlie supernatant 
plasma layer or in the suspension of a thin column of plasma in a small bore 
pipet In doubtful cases microscopic examinations were made Hemolysis was 
recognized from direct inspection of the plasma, and darkening of the blood 
by comparison with the control ’ 

The important results and effects that were observed are recorded in 
the tables A few tracing records of blood pressure and respiration are 
introduced to illustrate the changes in these functions Physiologic 
analyses of these changes were not made as we were interested, for 
the time, in chemical changes The effects of several of the agents in 
dogs are recorded for the first time The extraordinary and unsuspected 
effects of some of the relatively inert agents on blood pressure and 
respiration, notably agar in low concentration, deserve further study 
In several instances, the agents or solutions were used in high enough 
dosage or concentration to produce definite effects , so any effects short 
of definite ones produced by lower dosage merely emphasize the 
desirability of these chemical studies, which were made in order to 
reveal subtler changes that might be fundamental and produce model ate 
symptomatic changes, both subjective and objective and of importance 
clinically The details of all results are discussed according to groups 
of agents However, before proceeding to this, the changes from bleed- 
ing and asphyxia will be considered, since bleeding was a part of the 
routine in securing blood samples and is known to produce changes in 
blood composition Asphyxia was used as a method of controlling 
changes in pH, carbon dioxid, etc 


10 Bell, R D , and Doisy, E A J Biol Chem 44 55 (Oct ) 1920 

11 Myers, V C, and Bailey, C B J Biol Chem 24-147 (Feb) 1916 



Table 1 — Effects of Repeated Bileedmg on Blood Composition and Symptoms 
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* In the tables one half dose equals one-half the full dose of morphin, the full dose being 05 cc of 4 per cent solution pei Lilogram subcutaneously In all 
c iscs in which no record Is made it is understood that the dog received a full dose of morphm The sign - 1 - means present or increase, — , absence or decrease, H 
hemolysis, D, darkening, art resp , artiflei il respiration, oc, occasional, Ag, agglutination. A, after, B, before, ?, doubtful or questionable, and tr, trace 
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BLEEDING AND ASPHYXIA 

It can be stated at once tiiat repeated bleeding as piacticed in the 
experiments and to the end of two hours was not responsible for the 
results with the different agents that were injected This is adequately 
illustrated by the results of Experiments 31 and 32 on two morphinized 
dogs presented in Table 1 The small variations in the changes pertain- 
ing to the blood constituents, including those for hemoglobin and carbon 
dioxid m Experiment 31, are considered to be within the range of 
experimental error Although there was consideiable accuracy in the 
analytic methods employed, under the conditions, the changes of 
5 per cent , plus oi minus, were generally disregarded, though they 
might be of significance m a particular case Our conclusions are based 
on more pronounced changes The changes and irregularities in blood 
pressure, pulse and respiratory rates during bleeding alone were too 
small to be of any significance The rectal temperature of the one dog 
(Experiment 31 ) that was observed fell 2 4 degrees C This is the 
tendency, however, m morphinized dogs 

The effects of asphyxia were observed m ten dogs, usually at the end 
of an experiment Reproduction of the tabulation would serve no useful 
purpose because the changes observed were those that are well known, 
namely, increase m carbon dioxid and change of pa toward acidity, these 
being the most important for our purpose Illustrations of asphyxial 
changes are given m Table 2 under hexamethylenamm 4 7 per cent , 
and m Table 3 under 10 per cent sodium chlorid (Dog 11), under 40 
per cent hexamethylenamm (Dog 5), and under 85 per cent sucrose 
(Dog 10) In addition to these changes there were darkening of the 
blood, increase m lactic acid as a rule, and the usual changes m blood 
pressure, respiration and pulse rate The asphyxia was induced by 
attaching a long rubber tube to the tracheal cannula As far as lactic 
acid IS concerned, Macleod reported this not to be increased in blood 
when venous at the end of asphyxia, and that only about one-half tlie 
amount was usually present (0 019 per cent ) On the other hand, he 
demonstrated an excess of blood lactic acid in anoxemia but not m 
surgical shock 

It IS concluded that the repeated bleeding of small quantities of blood 
as practiced m our experiments produced no important changes m blood 
composition, therefore, this routine procedure was a negligible factor 
m the changes produced by the intravenous injection of the various 
agents that were studied Asphyxia always produced definite changes m 
the appearance and reaction (ps) and carbon dioxid content of the blood, 
and also some other changes It served the purpose of a useful control 
of changes produced m the same direction by various agents m the 
absence of induced asphyxia 

12 Macleod, J J R Am J Physiol 55 184 (March) 1921 
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BALANCED AND ISOTONIC SOLUTIONS 

The solutions used were 0 9 and 1 per cent sodium chlorid solution 
(five dogs), Tyrode’s solution (one dog), and 4 7 per cent solution of 
hexamethylenamin (two dogs) The results are presented in Table 2 

Isotomc Sodium Chlond and Tyrode’s Solutions — With the sodium 
chlorid solutions, the principal effects consisted of variable blood dilution, 
roughly proportional to the volume injected, diminution in carbon 
dioxid, a slight and variable tendency toward acidity (lowering of pa 
values), and very small increases in blood pressure and pulse rate in the 
majority of dogs The fall in temperature was also slight, ranging from 
no change to 1 4 degrees C When diminution in carbon dioxid occurred, 
this change could be accounted for by dilution of the blood Tyrode’s 
solution produced effects similar to those of sodium chlorid, except for 
the marked change in at the end of thirty minutes This low value 
of 7 1, however, was not confirmed electrometncally A similar value 
was found in one out of five dogs receiving sodium chlorid solution 

Hexamethylenamin, 4 7 Per Cent Solution — This approximately 
isotomc solution of hexamethylenamin produced more marked changes in 
pu toward acidity than the sodium chloiid solutions, the changes in blood 
dilution and blood pressure being similar to those after sodium chlorid 
Carbon dioxid estimations were not made after hexamethylenamin 
From this it would appear that hexamethylenamin, as a drug, had a 
more pronounced effect than sodium chlorid Further on it will be seen 
that higher concentrations of hexamethylenamin produced even more 
marked effects 

The results with 0 9 and 1 per cent sodium chlorid and Tyrode’s 
solutions indicate that these solutions, though isotomc and balanced, 
nevertheless may alter the blood and higher functions when they are 
injected intravenously. Therefore, they are not stiictly physiologic, as 
would be expected from the considerable differences in their composition 
from that of blood, and as has been previously pointed out by phys- 
iologists According to the recent report of Blumenstock and Luck- 
hardt,^® 0 9 per cent sodium chlorid solution was the least physiologic 
solution of the three solutions used intravenously, namely, Ringer's, 
calcium-free Ringer’s and 0 9 per cent sodium chlorid Nine-tenths 
per cent sodium chlorid solution caused the most vigorous diuresis and 
the highest elimination of nitrogen It often caused shivering 
Fujimaki reports that the intravenous injection of from 20 to 25 c c 
of 09 per cent sodium chlond solution daily into rabbits causes an 
increase in rectal temperature and of the carbon dioxid of the blood 

13 Blumenstock, J, and Luckhardt, A B Am J Physiol 67‘S14 (Feb) 
1924 

14 Fujimaki Arch f exper Path u Pharmakol 103 178, 1924 
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The increase in carbon dioxid is intei preted as alkali reserve, the alkali 
being called out in response to an increase in acidity No observations 
of pn were made, however Such moderate disturbances in ionic equilib- 
rium and state of the blood colloids as may be brought about by these 
solutions can conceivably account for alterations in functions On the 
whole, therefore, when used m high dosage these solutions cannot be 
regarded as altogether harmless Howevei, the very small quantities 
used by us as solvents or vehicles for the various agents that were 
injected could not be responsible for the marked effects that were 
observed They were the most practical vehicles for our use, whole 
blood, no doubt, being superior 

It IS concluded that 0 9 and 1 per cent sodium chlorid solution and 
Tyrode’s solutions when injected intravenously in doses of from 3 9 to 
32 8 c c per kilogram cause dilution of the blood with a tendency to 
diminution of its carbon dioxid content, sometimes considerable change 
toward acidity (lowering of pn), and the usual moderate increases in 
blood pressure and pulse rate In small dosage, the effects are prac- 
tically negligible A solution of 4 7 per cent (isotonic) hexamethylen- 
amin also produced dilution and a greater tendency to acidity of the blood 

HYPERTONIC SOLUTIONS 

The solutions studied were sodium chlorid, 10 per cent , hexa- 
thylenamin, 40 per cent , sucrose, 85 per cent , dextrose, 50 per cent , 
and urea, 48 per cent These solutions have all been injected intra- 
venously in human subjects for various purposes Certain ones have 
been exploited by Stejskal under the name of “osmotherapy ” It is 
stated by Stejskal that the noninjuriousness of the following solu- 
tions and doses has been established for human subjects from 10 to 
20 c c of 10 per cent sodium chlorid solution , from 20 to 100 c c of 
50 per cent dextrose solution , 20 c c of 50 per cent sucrose solution , 
20 c c of from 10 to 20 per cent sodium sulphate solution , 20 c c of 20 
per cent urea solution and from 10 to 20 c c of 10 per cent calcium 
chlorid solution However, the enthusiastic claims of this author are not 
convincing One hundred cubic centimeters of 10 per cent sodium 
chlorid solution has been injected in patients by Velden who states that 
it produces shortening of the coagulation time of blood with beneficial 
results in hemorrhage Schenk states that he has confirmed this 
phenomenon with hypertonic salt solution and observed it with calcium 
chlorid Blumel makes the same claim for oral administration of salt, 

15 Stejskal Grundlagen der Osmotherapie, Vienna, 1922, p 215 

16 Velden Deutsche med Wchnschr 35 197, 1909, Zentralbl f Herzkrankh 
u Gefasskrankh 11 61, 1919 

17 Schenk Ztschr f d ges exper Med 11 166, 1920 

18 Blumel Med Khn 2 1175, 1910 
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and Neuhof and Hirshfeld assert that intravenous administration of 
sodium citrate produces the same effect The basis for the intravenous 
use of hypertonic sodium chlorid solution appears to be that tissue juice 
is drawn into blood along with tissue fluid in general Intravenous 
injections of 200 cc of 15 per cent sodium chlorid solution in man 
have been practiced by Wynn, of 15 and 30 per cent sodium chlorid 
solution by Cushing and Foley and by Sachs and Belcher Barach, 
Mason and Jones studied certain of blood changes caused by 15 pei 
cent sodium chlorid solution in patients and rabbits The venous 
oxygen in the three patients studied was markedly lowered, and the 
carbon dioxid content showed no constant or decided changes Other 
changes were increase in blood or plasma volume Chlorid content was 
constant in patients, but persistently increased in rabbits, fragility of 
corpuscles was not impaired, and one patient showed hemolysis 
Various claims for and uses of 50 per cent dextrose solution (up to 
1 gm per kilogram) will be found in papers by Burger and Hage- 
rnann,*^^ Wells and Blankinship, Litchfield,^® Sansum and 
Lo Monaco The great vaiiety of effects, including blood changes, in 
animals that have been observed by many investigators will be found 
in the textbooks of pharmacology by Sollmann,^® and by Meyer and 
Gottlieb,®® who think that the nature of cell injury after hypertonic 
solutions IS not understood and that chemical decompositions and 
cleavages occur The results obtained by us on dogs are presented in 
Table 3 

Sodium Chlorid, 10 Per Cent Solution — The changes in blood pro- 
duced by 10 per cent sodium chlorid solution were characterized by 


19. Neuhof, H , and Hirshfeld, S New York M J 133 95 (Jan 15) 1921 

20 Wynn, J Intravenous Injections of Hypertonic Salt Solutions in Neuro- 
syphilis. Arch Int Med 2,9 72 (Jan ) 1922 

21 Cushing and Foley Proc Soc Exper Biol & Med 17 217, 1920 

22 Sachs, E, and Belcher, G W Use of Saturated Salt Solution Intra- 
venously During Intracranial Operations, Preliminary Report, JAMA. 75:667 
(Sept 4) 1920 

23 Barach, A L , Mason, W , and Jones, B P Effect of Administration 
of Hypertonic Salt Solution on Blood Volume and Certain Related Blood Con- 
stituents, Arch Int. Med 30 668 (Nov ) 1922 

24 Burger, M , and Hagemann, E Deutsch med Wchnschr 47 207 (Feb 
24) 1921 

25 Wells, C W, and Blankinship, R C Intravenous Injections of Hyper- 
tonic Glucose Solution in Influenzal Pneumonia, J A M A 74 75 (Jan 10) 1920 

26 Litchfield, W F Intravenous Glucose Injections in Shock, JAMA 
69 1410 (Oct 27) 1917 

27 Sansum, W D Glucose Injections, J A M A 68 1885 (June 23) 1917. 

28 Lo Monaco Gior di med mil 66 176, 1918, Gas med lomb , Milan, 
76 . 97 , 1918, Rassegna di elm terap 17 73, 1918, Presse med 26 617, 1918 

29 Sollmann Manual of Pharmacology, Ed 2, W. B Saunders Com- 
pany, 1923 

30 Meyer and Gottlieb Experimentelle Pharmakologie, Ed 4, 1920, p 441. 
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considerable blood dilution, a tendency toward acidity (lowered pu), and 
a reduction of carbon dioxid in the majority of foui, and by hemolysis 
and an increased sedimentation rate in two dogs Theie were demon- 
strable increases in lactic acid m the two dogs that weie observed for this 
constituent, an increase in ammonia in one dog and piactically no 
change in sugar m one dog Urea was variable Phosphate was not 
estimated Acidosis in some dogs, also leukopenia, then marked lympho- 
cytosis and a use in temperatuie, are leported by Bacon, Novy and 
Eppler,®^ who made intravenous injections of a hypertonic solution 
containing sodium chlorid, 99 gm , calcium chlond, 2 86 gm , and potas- 
sium chlorid, 3 3 gm , in 200 c c of water, injecting doses of 500 c c in 
from fifteen to twenty minutes 

Symptomatically, tiemors, struggling, twitching and inci eased reflex 
excitability were observed in three of the four dogs and convulsions in 
one These symptoms occurred geneially when the changes in blood 
reaction, hemolysis and increased sedimentation rate were demonstrable 
Blood pressure was elevated at once after injection in three dogs and 
somewhat lowered in one (Dog 3) , pulse rate was variable, being accel- 
erated in two and slowed in two dogs, while the respiratory rate tended 
to be slowed The effects with 10 per cent sodium chlorid solution were 
practically the same whethei the solution was given alone or preceded 
by other solutions (as in Dog 15, by 09 per cent sodium chlorid solu- 
tion and in Dog 18 by 6 per cent acacia) 

The symptomatic effects observed by us agree with the well known 
effects of hypertonic sodium chlorid solution They are generally 
ascribed to dehydiatiop, changes in osmotic pressure and m ionic balance 
in the tissues These factois undoubtedly play a part, but isotonic (09 
per cent ) sodium chlond solution also produces physiologic changes, as 
indicated in the pi eceding section The osmotic factor is not so pi emi- 
nent in isotonic saline solution, though, of course, such a solution does 
not possess other ions in balance necessary for the tissues The changes 
m pH observed by us indicate a disturbed balance of carbonate and phos- 
phate ions in the blood in part, and m part alterations m diffusion phe- 
nomena and surfaces The increased rate of sedimentation would be 
expected from dilution of the blood, but when it is accompanied by 
hemolysis, as was the case in two dogs, this phenomenon indicates some 
surface change in the cells The decrease m carbon dioxid can be 
accounted for by dilution of the blood, but the dilution does not ade- 
quately account for the change in pn toward acidity The acidity may 
be accounted for, in part at least, by the lactic acid, which was increased 
in two dogs However, the blood of the other two dogs was not tested 

31 Bacon, D K , Novy, F O , and Eppler, H H Factors m Leukocytosis, 
Arch Int Med 30 229 (Aug ) 1922 
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for lactic acid Total phosphate was not estimated, and therefore the 
evidence for an increase of fixed acids is incomplete Urea remained 
unchanged or was variable in accordance with the well known tendency 
of this metabolite to maintain even distribution between the blood and 
tissues 

As far as the other blood constituents that were studied are con- 
cerned, there is no doubt that intravenous injection of 10 per cent 
sodium chlorid solution causes considerable disturbance, and it appears 
that the symptomatic changes are dependent on these physical and chem- 
ical changes As far as we know, the changes in p^. and carbon dioxid 
have not been previously described It will be seen later on that they 
can be brought in line with similar changes produced by hypertonic 
solutions of other nontoxic and toxic agents and with isotonic solutions 
and suspensions of relativel}’- inert agents and colloids All this indicates 
that the mechanism of action of these nontoxic, inert and colloidal 
agents is concerned with disturbances in physical and chemical mecha- 
nisms of the blood and tissues, in the same sense as those involved in 
the action of hypertonic sodium chlorid solution 

Hexamethylenaimn, 40 Per Cent Solution — Nineteen injections of 
40 per cent hexamethylenamin solution were made into twelve dogs, but 
in order to save space the results in only four dogs are presented in 
Table 3 The results of all the injections were practically the same and 
are well tj^pified by those presented Qualitatively the effects produced 
were essentially the same as those of 10 per cent sodium chlorid solution 
and the other hypertonic solutions that were injected, but quantitatively 
they were more pronounced There was a greater and more lasting 
dilution of the blood, a greater and perhaps more lasting tendency toward 
acidity, more marked decrease in carbon dioxid and alkali reserve The 
urea was variable Lactic acid, sugar and phosphate were not estimated 
As for symptoms, these were more pronounced than with the other 
hypertonic solutions The blood pressure and pulse rate were increased 
in two and decreased in two dogs Collapse supervened in two (Dogs 
14 and 16), necessitating resuscitation by artificial respiration The 
respiration tended to be slowed, deepened and irregular in two (Dogs 
5 and 15), and in Dogs 14 and 16 respiration stopped at the end of 
sixty and eighty-nme minutes, respectively, and they required artificial 
respiration Struggling and tremors and twitching in the legs and other 
parts of the body were present in all the dogs Death occurred at the 
end of eighty-nine minutes after injection of the hexamethylenamin in 
Dog 14, which had previously received 10 per cent sodium chlorid 
solution This dog had a shock level of blood pressure before the injec- 
tion of hexamethylenamin which raised it 100 per cent temporarilly 
However, Dog 16, which had received no morphin or solutions prior 
to hexamethylenamin and had a high level of blood pressure at the start 
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responded to the hexameth 3 denamm with a shock level of piessuie and 
required artificial respiration Fiom this it appeals that the hypertonic 
hexamethylenamin solution was lesponsible for the marked collapse m 
these two animals The tremors, struggling and twitching were undoubt- 
edly more pronounced with the hexamethylenamin than with the othei 
hypertonic solutions, these symptoms occuriing usually when the blood 
pji values were at their lowest Changes m agglutination, hemolysis, etc , 
were not consistently observed, though hemolysis was noted once at the 
end of the expeiiment in Dog 16 

All changes occuriing after intiavenous injection of 40 per cent 
hexamethylenamin indicate that this solution is injurious It is this 
concentration of the drug that has been exploited by the enthusiasts of 
intravenous theiapy foi therapeutic purposes m human subjects with 
complete disregard of the fact that all its oidinaiy urinary antiseptic 
effects can be secuied fiom oral administration, owing to its rapid 
absorption, and unnaiy excretion The disturbances produced on the 
intravenous injection of the drug are not due to foimaldehyd liberation, 
despite the occurrence of a slight acidity following its injection, for the 
following reasons (1) the acidity would not be high enough to cause 
an adequate liberation of formaldehyd, (2) the slight and momen- 
tary liberation of fiee formaldehyd would be rendered inert by combina- 
tion with pioteins and by oxidation to formic acid, and (3) actual tests 
made by one of us (F D ) under optimal conditions of blood acidity 
during asphyxia did not reveal even a tiace of free formaldehyd in the 
blood The cause of these changes, thei ef oi e, is the hexamethylenamin 
itself, and this despite the fact that the di ug is nontoxic m the ordinary 
sense Fundamentally, the cause of the changes from hexamethylen- 
amin given intravenously appears to be the same as that of intravenous 
injections in general, iiiespective of the physical and chemical nature of 
the agent injected 

Sucrose, 85 Pei Cent Solution — Simple syrup (U S P ) was 
prepared from ■chemically pure sucrose and injected intravenously in 
two dogs The results aie not as complete (Table 3) as with dextrose, 
and m view of the less pronounced effects the experiments were not 
extended Data for carbon dioxid, sugai, lactic acid and phosphates are 
scattering and incomplete not only with sucrose, but also with othei 
agents in Table 3 because these were our earliest experiments Dog 8 
(unmoiphinized) received two successive doses of sucrose alone Ten 
minutes after each injection, theie was considerable blood dilution from 

32 De Eds, F Fate of Hexamethylenamm in Body and Its Bearing on 
Systemic Antisepsis, Arch Int Med 34 511 (Oct) 1924. 

33 At the time the full significance of the changes we were finding was not 
appreciated, nor was our application of the several methods, which had to be 
applied simultaneouslj , jet satisfactory enough to give reliable results 
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which theie was a prompt recovery The pa remained practically 
unchanged, except at the end of 168 minutes after the first injection when 
It was found to be 7 1 , but this was not confirmed electrometrically and 
may have been accidental The urea showed unimportant variations 
On the other hand, Dog 10 (unmorphinized), which had recovered from 
an injection of 40 per cent hexamethylenamm, responded more 
markedly to about three-fifths the dose of sucrose used in Dog 8 The 
blood dilution was more marked and lasting and the pn values fell 
steadily, indicating a tendency toward acidity The animal was killed 
by asphyxia As for symptoms, these were about the same in both dogs 
Both dogs ui mated copiously and showed twitchings, struggling being 
present in Dog 10, which had received hexamethylenamm previously 
The blood pressure and pulse rate were increased The respiration was 
deepened in both dogs, slowed in one and somewhat accelerated in the 
other The rectal temperature fell slightly 

Dextrose, 50 Pci Cent Solution — Of the three dogs that were 
injected, Dog 11 received dextrose alone. Dog 13, following injections 
of 0 9 per cent sodium chlond solution, and Dog 15, after 10 per cent 
sodium chlond solution On the whole, the results, though incomplete, 
were about the same as those after sucrose alone Temporary dilution 
of the blood occurred in all the dogs, this being more marked in the dogs 
receiving previous injections of the sodium chlond solutions The pn 
values tended to increase (tendency toward alkalmit}’) or lemained 
piactically unchanged The dilution of the blood could explain the 
loweied carbon dioxid content According to Fujimaki,®^ one-half the 
concentration (25 per cent ) of dextrose used by us increased the carbon 
dioxid of the blood in rabbits Intravenous injection of 20 per cent 
dextrose was found not to increase the reserve alkali (carbon dioxid) 
capacity of the blood by Tatum The urea in our dogs shov'ed minor 
variations as usual Lactic acid, sugar and phosphate were not estimated 
In 1893, Harley reported a marked increase of lactic acid soon after 
injection of 10 gm per kilogram of dextrose (50 per cent solution) 
intravenously in dogs, at the same time, the glycogen of the liver and 
muscle were reduced and acetone appeared in the breath According 
to Harley, these changes occurred when the blood sugar reached 1 
per cent of the body weight In a second report in 1894, Harley 
described an increase in lactic acid of the blood during the first hour 
and reduced tension of oxygen during the first two hours after intra- 
venous injection of dextrose According to him, the lactic acid would 
bind the sodium of the blood and result in reduction of carbon dioxid, 

34 Fujimaki Arch f exper Path u Pharmakol 102 236, 1924 

35 Tatum, A L J Biol Chem 41 59 (Jan ) 1920 

36 Harley DuBois, Arch f Physiol Supplement, p 46, 1893 

37 Harley DuBois, Arch f Physiol , p 451, 1894 
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which would be eliminated by the increased respiration Besides an 
increase in respiration, Harley observed fibrillary twitching, vomiting, 
motor depression and contracted pupils On the following day the 
behavioi was normal In 1917 Macleod and Fulk repoited an increase 
in hydrogen ion concentration of blood after injections of dextrose 
Hyperglycemia and acidosis frequently go together The symptoms 
observed by us were mild, showing only small and temporary increases 
in blood piessure and pulse rate Respiiation was slightly slowed in 
Dogs 13 and 15, twitching and tremors were obseived only in Dog 15 
which had received 10 per cent sodium chloiid solution previously In 
this dog there was also an increase in sedimentation late of the 
corpuscles 

As far as our lesults go, it would seem that 85 per cent sucrose 
solution and 50 per cent dextrose solution do not altei the blood very 
much, except for some dilution by both sugars and lowering of carbon 
dioxid by dextrose, due very likely to the dilution After sucrose the 
reaction {pn) lemamed practically unaltered, and after dextiose the 
tendency was to maintain or increase the alkalinity, though not above 
normal, this may be legarded as a beneficial change Presumably, the 
dextrose was more readily burned to carbon dioxid than the sucrose, and 
this gas increased the alkali reserve though the caibon dioxid capacity 
did not show such an inciease Theie aie other possibilities but without 
further analysis of the causes for these changes, speculation is useless 
It IS interesting to note, however, that as the blood dilution was recovered » 
from (the blood concenti ation increased) the carbon dioxid nevertheless 
kept on decreasing Perhaps twitching was more marked after sucrose, 
and the remaining functions that were observed were improved some- 
what or not sei lously impaired It is noteworthy that the dogs that had 
received hypertonic solutions pnoi to the sugar solutions exhibited more 
pronounced tremois, struggling oi twitching 

Urea, 18 Per Cent Solution — This solution was injected into two 
dogs of which one (Dog 16) had previously received 40 per cent hexa- 
methylenamin solution and one (Dog 19) 6 per cent acacia solution 
Blood dilution was marked in the dog receiving the hexamethylenamin 
previous to the uiea solution, and only slight in the dog that had pre- 
viously received acacia The pa values showed a tendency to decrease, 
though only slightly in the dog that had received acacia The carbon 
dioxid and alkali reserve were increased in Dog 16 receiving hexa- 
methylenamin and slightly increased in Dog 19, receiving acacia, before 
the urea It appears, therefore, that the increase in carbon dioxid in 
Dog 16 may be responsible for the further increase in acidity (further 
decrease of p^) while the decrease in the carbon dioxid in Dog 19 


38 Macleod, J J R , and Fulk, M E Am J Physiol 42 193 (Jan ) 1917 
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may be accounted for by blood dilution, which also may account for 
the decreases in lactic acid and sugai The urea content of the blood 
was not increased , the values remained within the normal range despite 
injections of large doses of the metabolite This result agrees with the 
well known behavior of injected urea The condition of shock present 
in Dog 16 was probably responsible for the original low pn values of 
the blood in this animal However, the injection of the hypertonic urea 
solution did not improve the blood pressure, although the pulse rate and 
respiration were temporarily improved In fact, the collapse soon became 
worse, asphyxia supervened, and the carbon dioxid of the blood 
increased Other S3TOptoms in this dog were a marked fall of tempera- 
ture, twitching and struggling The sedimentation rate of corpuscles 
increased and hemolysis was present In Dog 19 the symptoms were 
characterized by temporary increases in blood pressure and pulse rate 
and by a rapid, then irregular and deepened respiration Occasional 
twitching was present and the rectal temperature fell 1 degree at the end 
of one hour The sedimentation rate and hemolysis of corpuscles were 
decidedly more marked in the blood samples after the injection of urea 
than in the preceding samples after acacia alone The darkening pro- 
duced by acacia was absent in the blood specimens after injection of 
urea Therefore, all effects that have been described were due to the 
urea, the previous conditions in the dogs produced by the hexamethylen- 
amin and the acacia being aggravated if anything by the urea However, 
» the effects of the 18 per cent urea solution are not peculiar, but are in 
the same general direction as those of other hypertonic solutions, except 
for the more pronounced hemolysis, as may be expected 

The conclusion is justified that hypertonic solutions of sodium 
chlorid (10 per cent solution), hexamethylenamin (40 per cent solu- 
tion) and urea (18 per cent solution), produce definite changes in blood 
composition, such changes being less evident, partial or even absent after 
sucrose (85 per cent solution) and dextrose (50 per cent solution) 
With the sugars the chemical evidence is not as complete as would be 
desired The most marked effects and symptoms were produced by 
hypertonic hexamethylenamin solution, and the least by the hypertonic 
solutions of the sugars 

HYPOTONIC SODIUM CHLORID 

The effects of 0 1 per cent sodium chlorid solution were observed in 
a dog (Dog 21, Table 3) that had received 100 cc of normal horse 
serum one hour before Considerable disturbance occurred The blood 
showed marked dilution, a fall of pu, increases in carbon dioxid, lactic 
acid and dextrose and a practically unaltered urea The blood pressure 
rose moderately and temporarily and the pulse rate was slowed , the 
rectal temperature fell and struggling and fascicular twitching of the 
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muscles were definite Hemolysis was marked, being consideiably 
increased over some hemolysis produced by the horse serum When 
shaken the blood foamed markedly, a phenomenon not observed in othei 
bloods of this study The effects corresponded somewhat to those of 
asphyxia, although the blood was not particularly dark The increases 
in carbon dioxid and lactic acid were very likely responsible for the low- 
ering of the pn values (acidity), in spite of blood dilution The fascicu- 
lar twitching and struggling were pi esent when the pn values were low 
There is no doubt, therefore, that the intravenous injection of hypotonic 
(0 1 per cent ) sodium chlorid solution produced definite blood and 
symptomatic changes This was to be expected and is a fact, in part, 
well known 

COLLOIDAL SOLUTIONS 

All the solutions described thus far, except hexamethylenamm, have 
been studied pieviously by others with respect to many of the changes 
observed by us The results obtained, therefore, serve as a check on 
the methods employed and further sustain the correctness of all the 
changes with the solutions to be described in this and the succeeding 
sections The changes produced by the majoiity of these have not been 
previously reported, and certainly not with the objective constantly 
before us m this study Several of the agents to be described produced 
anaphylactoid phenomena in guinea-pigs, and certain of them are 
exploited or recommended for intravenous use in human subjects 
Among those relatively inert m the ordinary sense are the emulsoid 
colloids, whose effects are described in this section Considerable impor- 
tance IS attached to the results with the colloidal agents, because despite 
the assumed inertness they produce definite blood changes and symp- 
tomatic effects ranging from the just demonstrable effect to death 

Agar Sol Gel, 01 Per Cent — One-tenth per cent of agar solu- 
tion was boiled in 09 per cent sodium chlorid solution without loss 
of volume until the stiands disappeared Then the mixture was filtered 
to remove debris The filtrate was opaque, the agar being in the form of 
a gel in part, and in part m the sol state There were no coarse 
aggregates It was kept and injected warm at 38 degrees C Such 
an agar mixture when injected mtiavenously into guinea-pigs produces 
violent reactions and death The three dogs injected by us responded 
with marked symptoms , two of them died The dosage of the agai in 
all three animals was very small, i ’ e , from 0 01 to 0 0125 gm per kilo- 
gram of body weight Apparently small dosage is not a serious draw- 
back in the production of agai reactions On the contrary, it appeals 
to favor their elicitation provided the agar is finely dispeised In 
Boidet’s experiment with “toxified agar,'* for instance, the quantity of 
agar in the clear supernatant fluid after centrifugation is too small foi 




^'3 



s-gse 

u u 

C5 

M ;S M 

•ga 

"O - 
O-TT" ° 

0 to 

oMg;- 

59 

•M 

W p — 


+ 


57 C-J S5 

5 — * o5 CO-' 


ssa 

o CJ 


g gss s s 


^\f>\ CQIC-T «i>lS 

CO I »o co 1 m 1 o 


« r^yZ w ^ 

'^' C^Sb 


89 A 96 2 7 2 33 13 3 0 11 0 12 3 3 ICO 220 12 36 4 Strugghnsr 








Q«latin, 6 per Cent 



474 


ARCHIVES OF INTERNAL MEDICINE 


detection, yet such a seium produces a most violent reaction and death 
in the same unsensitized animal from which the serum was obtained for 
incubation with the agar The serum so treated by agar is not altered 
chemically and contains no demonstrable toxic products However, it 
appears from the studies of several investigators that some change in 
Its physical state and the minute but undetectable quantity of dissolved 
agar, which may occur, are the determining factors in its toxiaty 
Similar changes and effects are produced after treatment of serum with 
starch, insulin and kaolin and perhaps with other agents Serum is not 
indispensable in the “toxified agar” mixture, since agar alone when 
properly treated so as to give the form of the sol gel described above 
elicits the same reactions, at least in guinea-pigs We may now describe 
the toxic effects of agar sol gel in the dogs 

The results m Table 4 were obtained on one morphinized dog in a 
state of shock, and on two others m good condition, one of whom 
(Dog 26) was not morphinized Fatal effects were produced in Dog 24 
in shock and in Dog 25 m good condition at the beginning Marked 
effects weie produced in Dog 26, morphinized and m good condition 
Shock may have been a contributory factor to the sudden death of 
Dog 24, but it certainly was not of Dog 25 which also died suddenly 
after the injection Hence, it is apparent that it was the agar that was 
the determining factor in bringing on sudden death m both dogs The 
tracing in Figure 1 illustrates the profound circulatory and respira- 
tory changes occurring in Dog 25 and typifies one kind of reaction to 
agar Another kind of reaction is illustrated by Figure 2, which shows 
several portions of a continuous tracing obtained over two and one-half 
hours from Dog 26 

The agar injection in this dog was not fatal within the time limit 
of the experiment, but nevertheless caused very marked changes in the 
circulation and respiration That is, the blood pressure fell considerably 
immediately after the injection, then recovered to the previous level 
for a short time, and later fell progressively with occasional sharp falls 
and partial recovenes, the level reached at the end of two and one-half 
hours being decidedly lower than the initial level The changes in pulse 
were even more marked, being characterized by slowing with a very 
marked increase in amplitude and some irregularity for about an hour 
after the injection After that there was a recovery in amplitude and an 
increase in rate The respiratory changes were characterized by irregu- 
larity in rate and amplitude Struggling and convulsions were present 
during the time of circulatory collapse 

The tracing in Figure 1, which typifies the more marked reaction 
in the other two dogs, was obtained from Dog 25 when in good condition 
It is self explanatory, and leaves no doubt that profound effects are 
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possible from small doses of agar The details pertaining to the blood 
pressure changes and respiratory rates in all dogs are given in Table 4 
Two minutes after the injection, the blood pressure from the left carotid 
artery fell to the zero level and showed no signs of recovery at the end 
of twenty minutes After satisfying ourselves that the i ecording system 



Fig 1 — Effects of 0 1 per cent agar sol gel (0011 gm per kilogram) 
intravenously in Dog 25, which weighed 4 4 kg P, pulse, R, respiration, at 3, 
blood pressure from left carotid artery, at 4, blood pressure from right carotid 
artery Blood samples were taken at 8 and 9 Resuscitation began at 10, aqueous 
fluid extract of mistletoe, 0 5 c c per kilogram, being administered intravenously , 
at 11, the same dose of mistletoe A\as given and in addition cardiac massage, 
artificial respiration and intravenous injection of 09 per cent sodium chlorid, 
but the resuscitation was unsuccessful Time each stroke equals twenU seconds 

attached to this carotid arter} was capable of transmitting changes, the 
attachments were switched to the right carotid artery, which revealed a 
blood pressure of only 16 mm , five minutes later this was reduced to 
the zero \e\ el This showed that the left cai otid artery had been record- 
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ing the pressure changes faithfully Resuscitation with mistletoe, cardiac 
massage and artificial respiration were tried but gave only temporary 
recovery, and the dog died The respiration lasted about as long as the 
heart continued to beat, and was very irregular in both rate and 
amplitude The changes in Dog 24 were essentially the same though 
more lasting Dogs 24 and 25 died without recognizable struggling, 
tremors or convulsions 

As to the physical and chemical changes in the blood, these were 
definite and rather marked in all the dogs. Dilution was considerable, 
the reaction tended toward acidity (lowered pa) , carbon dioxid was 
reduced, and this reduction was greater than the blood dilution would 



Fig 2 — Effects of 0 1 per cent of agar sol gel (0 01 gm per kilogram) 
intravenously m Dog 26, which weighed 11 3 kg At 3, injection of agar sol gel 
with effects during the next eight minutes, at 9, end of thirty-one minutes, at 
12, end of fifty-three minutes, at 20, end of one hour and forty-five mmutes, 
and at 25, end of two hours and twenty-nine mmutes Each stroke in record 
equals twenty seconds The figures on the record correspond to withdrawal 
of successive samples of blood, the details pertaining to the respiratory and 
pulse rates, blood pressure and blood changes accompanying these are presented 
in Table 4. 

indicate The urea-nitrogen and lactic acid tended to increase m two 
(Dogs 24 and 26) and were lowered in one (Dog 25), while the phos- 
phate tended to decrease in the two dogs that were tested for this 
Perhaps the reason that the changes in Dog 25 do not appear more 
marked, or even appear opposite to those in the others, is that the 
animal suffered very rapid collapse and did not live long enough The 
sedimentation rate of the bloods from all the dogs increased after the 
agar injections, and agglutination was present in all Darkening was 






Fig 3 — Physical changes in arterial blood of Dog 23 <iftcr lntra^cnolls 
injection of 6 per cent solution of acacia, and 21 per cent solution of sodium 
lodid The blood in all cases was collected under liquid petrolatum In Tube 1, 
the control, no changes took place, in Tube 2, 21 per cent solution of sodium 
lodid, there was rapid sedimentation and darkening of corpuscles and the 
plasma was clear fifteen minutes after the injection of sodium lodid in Tube 3 
6 per cent solution of acacia, there was rapid sedimentation and darkening of 
corpuscles, hemolysis and agglutination of corpuscles in the plasma la\cr thirty 
minutes after the acacia %\as gnen The clear uppermost layer in each tube 
IS liquid petrolatum 
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pronounced in Dog 25 Clotting was rapid in Dog 26 and the blood 
appeared grayish Everything together, therefore, indicates that, despite 
its inertness in the ordinary sense, the intravenous injection of small 
doses of agar causes profound symptomatic changes and even death and 
definite changes m the composition and appearance of blood 

Acacta, 6 and 25 Per Cent Solution — ^Acacia has been used in both 
these concentrations in human subjects, although to a greater extent in 
the 6 per cent concentration Its advocates have denied the possibilitv 
of deleterious effects from its use, but our results on dogs sustain those 
who condemn its use The results after 6 pei cent acacia solution were 
uncomplicated by other injections in two dogs, and only by lodid in 
one dog, those after 25 per cent acacia solution were complicated by 
several other injections, although the changes following acacia agree 
with those of uncomplicated injections 

15 Taking first the results with 6 per cent acacia solution in 0 9 
per cent sodium chlorid solution (Table 4), it is seen that there was 
considerable blood dilution in Dogs 18 and 23, a tendency toward acidity 
(lowered pn) and a reduction in carbon dioxid The latter was accounted 
for partly by the blood dilution Lactic acid was increased in the bloods 
of all the animals and probably contributed, therefore, to the reduction 
in blood alkalinity Phosphate was not estimated , urea tended to fall, 
and the ammonia was variable Hemolysis, increased sedimentation rate, 
agglutination and darkening were present in the bloods of the three 
dogs These changes were rathei striking, and are well illustrated by 
Tube 3 in Figure 3, reproduced from a Lumieie autochrome plate The 
increased sedimentation rate can be paitly explained by the blood 
dilution, but dilution alone cannot explain hemolysis, agglutination and 
darkening The latter changes arise from the acacia Agglutination, 
which sometimes is accompanied by hemolysis, can be reproduced by 
contact of the drug with washed corpuscles in vitro, as has been shown 
by Karsner and Planzlik ^ In this laboratory a rather marked dai kening 
and peculiarly coaise appearance of the blood has frequently been 
observed by different workers using the acacia solution for resuscitation 
01 for maintaining high blood pressure duiing experimentation on 
animals When such changes supervene the animals are apt to die 
suddenly 01 very soon after injection 

Symptoms of twitching in the paws were present in Dog 18, in 
Dog 23 collapse was followed by death thirty-two minutes after injection 
The blood pressure fell in Dogs 18 and 23 and was only moderately 
raised in Dog 19, pulse rates and respiratory rates were variable 
Irregularity of the respiration was particularly marked The rectal 
temperature fell as usual in morphinized animals It can certainly be 
said that 6 per cent acacia solution did not act beneficially in Dog 23 
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with a moderately reduced blood pressure, a condition that should have 
been improved, according to the advocates of the solution The effect 
was the contrary and the animal died, though it is true that it had 
received 21 per cent lodid solution (the same as is used intravenously 
for therapeutic purposes in patients) fifty-one minutes prior to the acacia 
The effects on blood pressure were no better, of course, in Dog 18 which 
had not received prior intravenous injections of any kind and whose 
initial blood pressure was 94 mm This indicated that it was not the 
lodid per se in Dog 23 that led to the fatal result but, rather, that the 
acacia was to be blamed 

Such results do not inspire confidence in 6 per cent acacia solution 
as a corrective for circulatory depression and collapse Our experiences 
with acacia are in line with the unfavorable reports of Henderson and 
Haggard,®^ who compared it with other resuscitating solutions, of Richet, 
Brodin and Saint-Girons,^“ who tried it in hemorrhage, and of Meyer 
who prefers modifications of Locke’s or Ringer’s solutions According 
to Hammarsten,^^ g^ni inhibits or prevents the clotting of blood, and 
delay in blood coagulation of dogs after acacia solutions has been 
reported by Foster and Whipple,^® who also found increases in the 
nonprotem nitrogen Nonnenbruch observed increases of 100 per 
cent in serum protein of rabbits that had received acacia The signifi- 
cance of these nitrogen and protein changes is not known, but they are 
at least in line with a fact hitherto insufficiently appreciated, namely, that 
blood is changed by intravenous injection of acacia 

Our results with 25 per cent acacia solution are complicated by those 
of other injections and we do not wish to overestimate them However, 
we submit them for the value which they do possess Both dogs 
(Dog 17, which received 25 per cent acacia solution alone, and Dog 20, 
which received 25 per cent acacia solution containing 18 per cent dex- 
trose solution) had low levels of blood pressure, 74 and 66 mm of mer- 
cury, respectively , that is, they were m a condition in which the acacia 
solutions were indicated Yet the ultimate results were not beneficial, 
since death occurred in Dog 17 and collapse became more pronounced in 
Dog 20, despite the fact that the blood pressures in both dogs were 
temporarily improved As for the other changes, these were precisely 
the same as those after injections of 6 per cent acacia solution Figure 4 

39 Henderson, Yandell, and Haggard, H W Hemorrhage as a Form of 
Asphyxia, J A M A 78 697 (March 11) 1922 

40 Richet, C , Brodin, P , and Samt-Girons, F Presse med 26 581 (Nov 
14) 1918 

41 Meyer, Erich Klin Wchnschr 1 1 (Jan 1) 1922 

42 Hammersten-Mandel Textbook of Physiological Chemistry, Ed 7, 
p 312, 1914 

43 Foster, D P , and Whipple, G H Am J Physiol 58 393 (Jan ) 1922 

44 Nonnenbruch Arch f exper Path u Pharmakol 91 218, 1921 
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illustiates the circulatory and lespiratory changes and Table 4 contains 
the details They need not be repeated here However, we wish to 
point to the rather marked decreases in pn, i e , tendency toward acidity 
of the blood, despite previous injections of alkaline phosphate and citrate 
in Dog 17 and of phosphate in Dog 20 Increased sedimentation rate, 
hemolysis and darkening of the bloods were present in both dogs, the 
darkening suggesting an asphyxial state which supervened in both dogs 
spontaneously after injection of the acacia solutions Thus it is seen 
that, under the conditions, the changes produced by the 25 per cent 
acacia solutions were essentially the same as those produced by 6 per 
cent acacia solution alone Iiici eases in plasma protein, sugar, chlorid, 
urea and nonprotein nitrogen of the blood after injection of hypertonic 
acacia solution and glucose into normal, asphyxiated and shocked dogs 
have been i epoi ted by White and Erlanger Hemolysis also was 
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Fig 4 — Effects of 25 per cent acacia solution in 0 9 per cent sodium clilorid 
(16 cc per kilogram) intravenously in Dog 17, which weighed 6 1 kg P, pulse, 
R, respiration Blood samples were taken at 14, 15 and 16 Each stroke in the 
record equals twenty seconds 


observed by these authors They state that this was no gi eatei than that 
of the controls, and that they consider the claims of Kruse misleading 
Our results agree with the report of Kruse As for injurious effects 
from acacia solutions of different concentration and composition, the 
work of Erlanger and Gasser indicates that the solutions as a rule did 
not reduce mortality but that, on the contrary, certain mixtures of acacia 
increased the mortality of dogs m different conditions, all of which 
indicates that claims of the harmlessness of injected acacia cannot be 
made without reservation 

45 White, H L, and Erlanger, J Am J Physiol 54 1 (Nov ) 1920 

46 Kruse Am J Physiol 49 137, 1919 

47 Erlanger, J, and Gasser, H S Am J Physiol 50 119. 149 (Oct) 1919 

Ann Surg 69 389 (April) 1919 ^ ’ 
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Gelatin, 5 Per Cent Solution — This was tried in one dog without 
preceding injections. The results m Table 4 show that the changes 
produced were essentially the same as those from acacia The symptoms 
were somewhat more marked muscular twitching was more marked, 
there was increased reflex excitability, and the blood pressure fell pro- 
gressively, while the pulse and respiratory rates were augmented An 
increased sedimentation rate and darjcening of the blood were definite, 
dilution was marked and lasting, and there were progressive increases 
m lactic acid, ammonia and urea with reduction in carbon dioxid and a 
tendency to increase in hydrion concentration (lowered pyi) The reduc- 
tion in carbon dioxid cannot be altogether accounted for by the blood 
dilution, and it appears that the increase in lactic acid contributed to the 
reduction in blood alkalinity {pn) 

Horse Sej wn — Ordinary normal horse serum preserved with 0 3 
per cent tricresol was injected in the dosage of 16 cc per kilogram 
into Dog 21, which had previously received 200 c c of Tyrode's solution 
The results (Table 4) show that, with the exception of less than 10 per 
cent of blood dilution and moderate increases in lactic, acid and ammonia 
and a slight increase in hemolysis, the net result was beneficial That 
IS, alkalinity of the blood was increased to normal (pa 7 25) , the carbon 
dioxid remained unchanged, and the blood pressure was raised over 100 
per cent , having been at the extreme low level of 20 mm of mercury 
before injection of the serum The pulse rate was slowed and' the 
temperature fell, though no more than ordinarily occurs in morphmized 
animals The urea changes were unimportant The increase in lactic 
acid here was seen to occur during an increase in alkalinity of the blood, 
which IS the opposite tendency to the acidity accompanying the injections 
thus far described However, the occurrence of an increase in lactic 
acid during an increase in blood alkalinity is known to occur under othei 
circumstances Anrep and Cannan have shown that the lactic acid 
in the blood rises when the alkalinity of the blood increases and that a 
fall in alkalinity is followed by a decrease of lactic acid in heart-lung 
preparations and spinal animals Macleod and Knapp have demon- 
strated an increase in lactic acid in the blood after administration of 
sodium bicarbonate to rabbits, and it will be seen later on in this paper 
that we have confirmed the increase after bicarbonate injections in dogs 
This simply means that increases in lactic acid can occur under different 
conditions and, according to Himwich, Loebel and Barr and Lil- 
jestrand and Wilson,'^'^ an increase normally occurs during exercise The 

48 Anrep, G V, and Cannan, R K J Physiol 58 244 (Dec) 1923. 

49 Macleod, J J R , and Knapp, A Am J Physiol 47 189 (Nov ) 1918 

50 Himwich, H E , Loebel, R O , and Barr, DP J Biol Chem 59 265 
(March) 1924 

51 Liljestrand and Wilson Proc Soc Exper Biol 21 426, 1924 
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increases during alkalinity and acidity signify alterations in cellular func- 
tions , whether these are in the musculature or in the tissues as a whole 
or as a result of anoxemia or asphyxial states is immaterial to the present 
study For, we are primarily concerned with the demonstration of the 
facts of the disturbances in the physical and chemical mechanisms which, 
It IS believed, are fundamentally concerned m the functional alterations 
of cells In the case of horse serum, the minor disturbances that fol- 
lowed its injection apparently were not detrimental In fact, the results 
as a whole indicate, if anything, an improvement m the dog’s condition 
The results agree in general with what is known of the relatively low 
toxicity of horse serum It appears that a nontoxic serum would be a 
more suitable medium or vehicle for intravenous injections than such 
foreign agents as acacia, agar and the others to be described For this 
reason, blood transfusion is to be preferred to acacia, balanced and 
isotonic solutions and other analogous artificial substitutes in the treat- 
ment of circulatory depression, collapse and shock 

SUSPENSIONS 

The following suspensions of insoluble and particulate materials were 
tiled barium sulphate, 3 per cent, and fullers’ earth, 0 5 per cent, 
both in 0 9 per cent sodium chlorid solution The results with barium 
sulphate were uncomplicated and rather unexpected, while those with 
fullers’ earth were complicated with those of previous injections The 
results are presented m Table 5 

Bamm Sulphate, 3 Per Cent Suspension — The intravenous injec- 
tion of freshly prepared barium sulphate m a more or less gelatinous and 
amorphous state in guinea-pigs and pigeons causes violent reactions and 
death Lumiere reports similar effects in dogs after intracarotid injec- 
tion toward the brain, according to him, the reactions aie not elicited 
when the barium sulphate is in a coarsely granular state The barium 
sulphate used by us was prepared according to Lumiere’s method, and 
the dosage used was the same as that used by Lumiere, namely, 0 019 
gm pel kilogram Three injections were made into the saphenous veins 
^of two dogs and one injection was made into the carotid, after the 
manner of Lumiere Besides the usual analyses of arterial blood from 
the femoral artery, p^ and hemoglobin estimations in the venous blood 
from the right ventricle (by chest puncture) also were made This was 
done in anticipation of some disparity in the circulation of the venous 
and arterial sides as a result of the particulate injection 

The results in both dogs were uniform Certain changes were decid- 
edly interesting, though negligible as far as the pn, urea, lactic acid, sugar 
and phosphate are concerned The important blood changes pertained to 

52 Lumiere, A Le Probleme de L’Anaphylaxie, Pans, p 241, 1924 
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the hemoglobin, the carbon dioxid and the physical appearance At the 
end of about half an hour after injection, the arterial bloods of both 
dogs showed increases in hemoglobin and carbon dioxid without signi- 
ficant changes in pn A second injection in Dog 29 half an hour later 
again raised the hemoglobin as compaied with the preceding value, but 
the carbon dioxid remained practically unchanged as compared with the 
original control values and the blood became more alkaline (/jk 7 5) 
The changes in hemoglobin indicate increased blood concentration, 
which would explain the increase in carbon dioxid in part at least The 
venous blood from the right ventricle of Dog 29 tended to have lower 
hemoglobin and pn values than the arterial blood The same difference 
existed between the ventricular venous and femoral arterial bloods of 
Dog 32 as far as hemoglobin was concerned but not with respect to the 
p'n The bloods of both dogs showed an increased sedimentation rate, 
hemolysis and agglutination, and there was darkening in Dog 29 The 
symptoms were charactenzed by twitching and tremors, a moderate fall 
of blood pressure, temporary acceleration of the pulse, variable respira- 
tion, a slight fall of temperature in Dog 29 and an increase in Dog 32 
The intracarotid injection in Dpg 32 caused two convulsions with 
marked increases in blood pressure,'^; pulse and respiration and 0 4 
degree C rise in temperature Tffe arterial blood remained con- 
centrated from the previous intravenous injection, the carbon dioxid 
increased still more, and the pn value only slightly (alkaline tendency) 
The pn and hemoglobin values of the venous blood were smaller than 
of the arterial blood The interpretation of the results with barium 
sulphate is difficult Some disparity in the circulation of blood between 
the arterial and venous sides appears to have occurred, as indicated by 
the hemoglobin changes However this may be, the chemical and 
physical changes m the blood were not pronounced and the symptoms, 
though definite, were only moderate All the changes were less marked 
than those with similar doses of agar and some other agents described in 
this article The volume of the barium sulphate suspension injected 
was less However, it is not believed that this difference would explain 
the difference in behavior of dogs toward agar and barium sulphate 
Rather it appears that a substance in order to be reactive must be in a 
soluble or highly dispersed state, as is more apt to be the case with 
crystalloids and emulsoids than with a coarse, insoluble precipitate like 
barium sulphate It has been obsei ved by one of us (F D ) that pigeons 
do not react to old, standing or aggregated barium sulphate, but do so 
violently to the freshly precipitated and gelatinous barium sulphate 
The difference is striking and is concerned solely with a difference in 
dispersion of the precipitate That is, the reaction is more marked as 
the dispersion increases 
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Fulle) s’ Em th, 0 5 Per Cent Suspension — A dose of 0 032 gm per 
kilogram was injected into Dog 29, which had received barium sulphate 
previously The injection was promptly fatal The blood pressure fell 
precipitously from 100 to 10 mm of mercury, the pulse and respiration 
became greatly accelerated, and presently both stopped (end of sixteen 
minutes) The changes in these functions are illustrated by Figure 5 
There was some dilution, a tendency to acidity (lowered Ph),r decrease 
m carbon dioxid and phosphate, a slight fall in sugar, and increases in 
urea and lactic acid of the blood Essentially the same symptomatic 
changes and also prompt death occurred in Dog 28, which received 
double the dose of fullers’ earth after an injection of arsphenamin from 



36 I' 


Fig 5 — Effects of 0 5 per cent suspension of fullers’ earth (0 032 gm per 
kilogram) intravenously m Dog 29, which weighed lO^^g At 14, twitching, at 
17 and 18, blood samples were taken from right and left ventricles, respectively 
P, pulse, R, respiration Each stroke of the record equals twenty seconds 

which It had partly recovered Resuscitation was fruitless and death 
occurred so rapidly that no blood for analyses could be secured From 
these results there is no doubt that small doses of fullers’ earth are 
promptly fatal to dogs When the agent is highly dispersed, it is also 
fatal to guinea-pigs, the effects being largely physical 

MISCELLANEOUS AGENTS 

Among miscellaneous agents are included a number of salts and drugs 
used intravenously in human subjects and certain agents that produce 
violent anaphylactoid reactions in guinea-pigs The results with all the 
agents in this section are presented in Table 6 
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Arsphenamin — Disodium arsphenamin was prepared m the usual 
manner for human subjects, using the upper limit of therapeutic dosage, 
namely, 0 6 gm This made the dosage 0 015 gm per kilogram for the 
two dogs that were observed In one (Dog 27) the injection was 
uncomplicated, but m the other (Dog 28) it was preceded by peptone 
However, the changes following arsphenamin were essentially the same, 
except for some differences in blood dilution and carbon dioxid In the 
dog receiving arsphenamin alone, there was a steady increase in blood 
dilution to the end of 105 minutes, while in the dog that received pep- 
tone blood dilution was absent, m fact, there was some increase m 
concentration at the end of sixty-five minutes, as though the capillaries 
that had been acted on by the peptone m this dog allowed better escape 
of the injected solution from the circulation In the dog that received 
peptone, there was a steady and considerable decrease m the carbon 
dioxid despite the unaltered concentration of the blood, while in Dog 27, 



Fig 6 — Effects of arsphenamin (0017 gm per kilogram) intravenously in 
Dog 27, which weighed 67 kg P, pulse, R, respiration Blood samples were 
taken at 5, 6 and 7 Each stroke of the record equals twenty seconds 


which received arsphenamin alone, the carbon dioxid remained practically 
unchanged during one hour after administration of the drug, and 
only fell at the end of 105 minutes, when the blood became decidedly 
more diluted With the exception of a considerable increase in 
(7 5) at the time of some blood concentration in the dog that received 
peptone and arsphenamin, the p^ m both dogs at all other times fell 
definitely At no time, however, did it reach neutrality or acidity, 
perhaps because to start with the bloods were quite alkaline When it is 
borne m mind that disodium arsphenamin is itself strongly alkaline, the 
fall m the pn values as a result of the injections was really considerable 
Another marked effect was on the lactic acid content, which steadily 
increased in both dogs despite variations m blood concentration, and 
reached increases of about 100 per cent m both dogs at the end of 
one and one-half hours Presumably this increase contributed to the 
reduction of the p^ Whether the alkalinity of the disodium arsphen- 
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amin was responsible for the increase in lactic acid oi whether it was an 
accompanying change of the gradual circulatory collapse that supervened 
IS not known The sugar tended to increase in both dogs and the phos- 
phate remained practically unchanged The sedimentation rate of bloods 
m both dogs increased and agglutination, hemolysis and darkening were 
present in both » 

The following symptoms were observed The blood pressure fell 
steadily to a shock level m Dog 27 which received only arsphenamm 
while It rose moderately during the course of an hour and then fell to 
the shock level in the peptonized dog Figure 6 illustrates the response 
m Dog 27 Pulse and respiration were variable Artificial respiration 
had to be used as collapse supervened in Dog 27, which received only 
arsphenamm This animal also showed tremors The rectal temperature 
fell m both animals 

Accordingly, higher therapeutic doses of arsphenamm produce 
definite and progressive blood and symptomatic changes in dogs 

Calcium Chlond, 9 Per Cent Solution — Injections of this solution 
were made m two dogs, of whom one (Dog 18) had received 6 per cent 
acacia solution and 10 per centi sodium chlond solution and the other 
(Dog 19), 6 per cent acacia solution previously The results are pre- 
sented for what they are worth Dog 18, starting out with a lower level 
of blood pressure (80 mm ) than Dog 19 (134 mm ) died of collapse at 
the end of twenty-four minutes after the injection, while Dog 19 lived 
without marked symptomatic changes, except for slowing of the pulse 
and respiration Blood dilution occurred in Dog 18, and concentration 
in Dog 19 The carbon dioxid of the blood was reduced in both animals 
out of proportion to the changes in blood concentration (volume), the 
increased blood carbonate after the previous injection of bicarbonate in 
Dog 19 being especially reduced by the calcium chlond injection 
Odaira reports reduction of carbon dioxid in blood with isotonic 
calcium chlond solution as well as with hypertonic solutions, but not 
with other isotonic solutions No effect on the acid-base equilibrium of 
the blood in dogs after intravenous injection of from 0 5 to 1 1 gm of 
calcium chlond is reported by Salvesen, Hastings and McIntosh , but 

they state that the calcium caused an increase in phosphate On the 
other hand, oral administration in dogs and man was found by these 
observers to produce uncompensated acidosis {p-a of 7 13 in a dog and 
of 7 14 m a patient with nephritis) Lactic acid was reduced m both of 
our dogs, and the pn, urea and ammonia were practically unchanged 
The sedimentation rate of the blood in both dogs, having been increased 

53 Odaira, T Tohoku J Exper Med 4 253 (Feb 3) 1924 

54 Salvesen, H A , Hastings, A B, and McIntosh, J F J Biol Chem 
60 277, 1924 
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by the piecediiig injections, was retaided after the calcium That is, 
the suspension of the corpuscles was more stable after calcium 
Hemolysis from the preceding agents remained unchanged, as might be 
expected In some respects, therefore, calcium chlorid given intra- 
venously was not detiimental, though it is true that one of the dogs 
suffered fatal collapse Both dogs had been injected previously with 
acacia and other agents that cause blood 'and symptomatic changes, as 
indicated m the previous sections of this paper Ceitainly m Dog 19 
calcium chlorid did not contribute any important detrimental changes , 
on the contrary, it alleviated corpuscular injury, as indicated by the 
improved stability of the blood in both dogs It is interesting to note that 
injection of calcium chlorid into guinea-pigs does not as a lule produce 
anaphylactoid reactions 

Calcium salts are used therapeutically to allay or prevent certain allergic 
reactions and to diminish vascular permeability The following are some recent 
reports on intravenous dosage and effects in human subjects Bruhl and Buc 
report the use of from 20 to 100 c c of 3 per cent calcium chlorid (3 gm daily) 
111 tuberculous patients with no resulting symptoms except nausea Kawa- 
kami^s reports the occurrence of headaches from the injection of fropi 
5 to 30 c c of 1 per cent calcium chlorid solution once or twice daily Dschala- 
lian asserts that 0 1 gm of calcium chlorid per kilogram is not dangerous 
In F von Muller’s clinic at Munich, slow injections of 3 cc of 20 per cent 
calcium lactate solution were reported to cause a small pulse and weakness 
Von den Velden advises only small doses of 5 c c of 1 per cent calcium chlorid 
solution Haffner states that 20 c c of 3 4 per cent calcium chlorid solution 
can be injected for twenty minutes with minor effects , that 3 cc of 34 per cent 
solution (0 004 gm per kilogram) causes a fall of blood pressure and respiratory 
stimulation m half a minute, and that 007 gm per kilogram causes respiratory 
and cardiac standstill 

Copper Sxdphate, 5 Per Cent Solution — ^Very small doses of this 
agent produce violent reactions in guinea-pigs and also in dogs In Dog 
30 the injection was uncomplicated by previous injections, but m Dog 32 
there were previous injections of barium sulphate given intravenously 
and intracarotidly However, Dog 32 was in good condition at the 
time of the copper sulphate injection and the results from both dogs 
agreed remarkedly well The blood changes in both dogs were interest- 
ing and profound in certain directions considering the rapid onset of 
death (in seven and thirteen minutes) The blood concentration 
increased in Dog 30, and the increase from barium sulphate m Dog 32 
became somewhat reduced, though not to normal, the hemoglobin 
remaining about 5 5 per cent above normal The ps and carbon dioxid 
were considerably reduced The urea, lactic acid and sugar also were 

55 Bruhl and Buc Compt rend Soc de biol 74 880, 1913 

56 Kawakami Tokyo med Wchnschr, p 2572, 1913 

57 Dschalalian Dissertation, Munich, 1913 

58 Von den Velden, R Therap Monatsh 27 685, 1913 

59 Haffner Arch internat de pharmacol 23 37, 1913 
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reduced, but not as much as the carbon dioxid Phosphate was \anable 
These changes cannot be explained by the change in blood volume as 
indicated by the hemoglobin changes The reduction m carbon dioxid 
and lactic acid cannot explain the decided tendency toward acidity 
(reduced pn), and the phosphate was increased m one and reduced in 
the other dog The bloods of both dogs showed an increased sedimenta- 
tion rate and hemolysis darkening in Dog 30 and agglutination in Dog 
32 No coagulation of the bloods of both dogs occurred at the end of 
half an hour They were not observed beyond that period 



Fig 7 — Effects of 5 per cent solution of copper sulphate (0 049 gm per kilo- 
gram) intravenously in Dog 30, which weighed 102 kg P, pulse, R, respiration 
Blood samples from femoral artery were taken at 6 and 7 and from the right 
ventricle at 8 Each stroke in the record equals twentj’- seconds 


The s}Tnptoms m the two dogs were similar The blood pressure fell 
rapidly and progressively to the zero level, and the pulse and respiration 
were slowed In Dog 30 the respiration stopped after the heart stopped, 
while in Dog 32 heart and respiration stopped together Figure 7 illus- 
trates the circulatory and respirator)^ changes m Dog 30 Convulsions 
were present in both animals, and in Dog 30 there was in addition 
considerable salivation 

It IS concluded that copper sulphate produces marked blood and 
symptomatic changes in dogs 
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Histaimii, 0 OJ Po Cent Solution — I'liis was tried in an unmorphin- 
ized dog (Dog 26) which had previously leceived 20 c c of 0 1 per cent 
agai solution Seveial divided doses were injected The blood changes 
consisted of a slight though definite and piogiessive increase in concen- 
tiation, fluctuation of the pn between 7 2 and 7 15 , an increase in carbon 
dioxid after the fiist five doses of the drug but theieafter a progressive 
and marked deciease to the end of the expeiiment, and definite decreases 
in uiea, lactic acid and sugai All the decreases occurred despite the 
slight tendency to inciease in blood concentration (oi reduced volume) 
On the other hand, the total phosphate pi ogressively increased somewhat 
moie than could be accounted foi by the increased blood concentration 
At times the sedimentation late of the blood was increased, and hem- 
olysis was piesent at the end of the experiment There were no other 
symptoms besides a steady and marked fall of blood pressuie fiom 106 
to 46 mm of meicuiy at the end of about an hour after the fiist five 
doses of histamin, then the piessure lose to 80 mm at the end of about 
mnety-foui minutes The pulse was slowed and the lespiiation was 
iiiegulai, being slowed and deepened and accelerated at different times 
The concentiatmg effect of histamm on the hemoglobin of the blood 
has been lepoited by Underhill and Kapsmow The numbei of corpus- 
cles also tends to inci ease These changes might be expected on account 
of the lelaxing effect of histamin on the capillaries with the inciease in 
their peimeabihty asserted by some investigators Increased vascular 
peimeabihty with escape of plasma might explain the diminutions in 
caibon dioxid lactic acid and sugai, but not the increase in phosphate 
and the fluctuating pu On the othei hand, the decreases in carbon dioxid 
and lactic acid appeal cd to be greatei than the degree of increased vascu- 
lar peimeabihty as indicated by the relatively small increases in hemo- 
globin or blood concentration Nevertheless, the one expeiiment made 
by us indicates that under the conditions histamin definitely altered the 
blood chemically with lespect to some impoitant constituents The cir- 
culatoiy changes weie of the usual kind 

Peptone (Witte) 5 Per Cent Solution — Intiavenous injection of 
this agent m dogs is known to produce shock somewhat analogous to 
that of histamin, but the results aic variable A high dosage usually is 
necessaiy We used about one-tenth the dose frequently used for pro- 
duction of shock Dog 27 received a pievious injection of arsphenamin 
and its blood pressure was at shock level in the beginning The injec- 
tion in Dog 28 was uncomplicated by pievious intravenous injections 
Many of the blood changes in the two dogs were opposite , others were 
similai Both dogs lesponded to a slight increase or practically no 
change m blood concentration at the end of half an hour after the 


60 Underhill, F P , and Kapsmow, R Am J Physiol 63 142 (Dec ) 1922 
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injections, and both showed a tendency to dilution at the end of an hour 
The previously arsphenaminized dog (Dog 27) showed considerable 
reduction in p-^ and carbon dioxid, a small decrease in sugar, a tem- 
porary increase in urea and a progressive increase in total phosphate 
The marked tendency toward acidity (reduced pn) at the end of one 
half an hour might be explained by the unchanged and slightly decreased 
blood concentration On the other hand, in Dog 28, the pH was only 
slightly and temporarily lowered, the carbon dioxid was increased and 
the lactic acid, sugar and phosphate were decreased The increase in 
carbon dioxid might explain the reduced pn value at the end of one-half 
an hour, and yet the increase in carbon dioxid could hardly be accounted 
for by the slight increase in blood concentration (reduced blood volume) 
Although the blood changes in the two dogs are not consistent, it appears 
that considerable modification of the blood occurred This is sustained 
by the increased sedimentation rate and agglutination which occurred in 
the bloods of both dogs The hemolysis of arsphenamin in Dog 27 did 
not appear to be increased after the peptone injection 

The blood pressure in Dog 28, which received only peptone, remained 
unchanged but the pulse and respiration were slowed In the previously 
arsphenaminized dog (Dog 27), the blood pressure fell about 23 per 
cent , the pulse was accelerated and respiration was slowed No other 
symptoms were observed It appears that peptone can produce con- 
siderable changes m the blood in the absence of marked symptomatic 
changes 

Sodium Bicarbonate, 9 Per Cent Solution — Injections of this solu- 
tion were made in two dogs that had received intravenous injections of 
other solutions previously As a result of the previous injections there 
was considerable circulatory depression in both dogs to start with The 
bicarbonate injections resulted in temporary improvement of their 
conditions The improvement was more marked and lasting in Dog 19, 
which had previously received 6 per cent acacia solution and 18 per cent 
urea solution and whose original blood pressure was 60 mm of mercury, 
than m Dog 16, which had been previously injected with 40 per cent 
hexamethylenamm and 18 per cent urea solution and whose pressure 
was 14 mm The principal changes consisted of a moderate blood 
dilution , a marked increase m pn, i e , alkalinity , a marked increase m 
carbon dioxid and some increase in urea Lactic acid was found to be 
definitely increased m Dog 19 (the only one tested for this) This was 
m agreement with the report of Macleod and Knapp,^® who found an 
increase m lactic acid of the unne and blood after admimstration of 
bicarbonate to rabbits Ammonia was reduced m the same dog The 
increased sedimentation rate of the blood produced by other agents in 
Dog 16 was reduced by the bicarbonate The hemolysis caused by the 
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previous agents was not altered as might be expected The pulse and 
the respiration were accelerated in both dogs The original low level of 
blood pressure in Dog 16 was considerably raised for half an hour, but 
at the end of one hour it fell to 6 mm , while in Dog 19, the pressure 
remained practically unchanged during the same period 

Apparently, bicarbonate is a good corrective for tendencies toward 
blood acidity, since the pn of the blood of Dog 16 was raised from 6 6 
to 7 3 and then to 715, and of Dog 19 from 6 9 to 7 4 at the end of an 
hour Simultaneously, the symptoms m these dogs injured by previous 
injections were improved, at least they were not made worse, which was 
the result of the intravenous injection of several other apparently non- 
toxic and inert agents in this paper The beneficial results of sodium 
bicarbonate observed by us agree with previous reports of others on 
the benefits of this salt in collapse conditions, acidotic tendencies, etc 
For purposes of this study, the results with bicarbonate furnish a con- 
trast to those with other salts and crystalloids injected intravenously As 
far as />h and carbon dioxid are concerned, they may be regarded as 
furnishing a proof of the correctness of the analytic data of all other 
agents and, in the same sense as asphyxia, they were used on occasion 
to test the analytic methods employed 

Sodium Citrate, 2 Per Cent Solution — Citrate was injected into a 
dog that had received 1 per cent sodium chlorid solution and 1 1 per cent 
disodium phosphate solution At the time of the citrate injection, the 
dog was somewhat depressed, as indicated by the level of 80 mm of 
mercury blood pressure and hemoglobin of 82 9 per cent The citrate 
caused some further dilution of the blood without important changes in 
pH , a decrease in carbon dioxid that could be accounted for largely by 
the blood dilution , reduction in lactic acid as compared with the control 
blood, absence of ammonia, and variable urea Immediately after the 
injection there was some struggling, but there were no tremors or con- 
vulsions The blood pressure rose from 80 to 120 mm and then fell 
to 94 mm at the end of twenty-two minutes, and then to 74 mm at the 
end of ninety-one minutes The pulse rate was slowed, but respiration 
was very rapid and irregular soon after injection, remaining irregular 
though slowed at the end of ninety-one minutes The citrate bloods 
appeared lighter in color than the control, which had been darkened 
from the previous injections With the exception of some blood dilution 
and reduction in carbon dioxid, the changes produced by the citrate in 
this dog, that had received previous intravenous injections and was not 
in the best condition were relatively unimportant Further injections 
were not tried 

Sodium lodid, 21 7 Per Cent Solution — Solutions of sodium lodid 
of about this strength (from 20 to 21 per cent ) are advocated for intra- 
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venous use in human subjects , the dosage vanes The 217 per cent 
solution IS approximately equimolecular with 10 per cent sodium chlorid 
solution and is distinctly hypertonic In Dogs 22 and 23 the injections 
were uncomplicated with other intravenous injections, but Dog 23 
received previous injections of 0 9 per cent sodium chlorid solution and 
50 per cent dextrose solution The blood and symptomatic changes 
were quite uniform in all the dogs 

Taking the blood changes first, there was considerable blood dilution, 
a tendency toward acidity (lowered />h), and a reduction m carbon 
dioxid more or less proportional to the blood dilution In Dog 23 there 
was some recovery from blood dilution at the end of forty-three minutes 
and with this an increase in carbon dioxid to the previous percentage by 
volume Lactic acid and urea were definitely increased in the two dogs 
receiving lodid alone, while the phosphate of one of these (Dog 22) 
1 emained practically unchanged Sugar was not estimated Conway 
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Fig 8 — Effect of 217 per cent solution of sodium lodid (184 gm per kilo- 
gram) intravenously m Dog 22, which weighed 59 kg P, pulse, R, respiration 
Blood samples were taken from femoral artery at 5 and from heart at 7 Each 
stroke in the record equals twenty seconds 


has reported that sodium lodid as well as urea, sodium bicarbonate, 
disodium phosphate and sodium sulphate in isosmotic concenti ations with 
blood and m the same quantities (30 c c ) caused a marked fall of dex- 
trose of the blood and total output m the urine of rabbits receiving 
dextrose injections This was not true of isotonic sodium chlorid In 
the two dogs observed by us, the increases in lactic acid apparently con- 
tributed to the lowering of the pH Increased sedimentation rate, agglu- 
tination and darkening of the arterial bloods were present in the two 
dogs receiving lodid alone The records for Dog 13 were incomplete 
The blood pressure rose temporarily in Dogs 22 and 23 which 
received lodid alone, and then fell gradually, resulting in the collapse 
and death of Dog 22 In this dog the respiratory and pulse rates were 
accelerated during the increase in blood pressure, but in the other dog 
they remained unchanged, though the respiration was irregular In 
Dog 1 3, which had previously received other solutions, the blood pressui e 


61 Conway, E J J Physiol 58 234 (Dec ) 1923 
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fell giadually from 132 to 90 mm at the end of sixty-five minutes, and 
the pulse and respiiatory lates were slowed until blood pressure fell 
considerably (112 and 90 mm ) , they were then accelerated markedly 
As all the dogs weie morphinized, the temperature fell No other symp- 
toms such as tremors or twitchings were recognizable Nevertheless, 
one (Dog 22) receiving lodid alone died from the injection There is 
no doubt, therefore, that 21 7 per cent lodid solution m the doses used 
causes definite and considerable blood and symptomatic changes in dogs, 
and that these cannot be regaided as beneficial 

Disodiuni Phosphate, 1 1 and 5 Per Cent Solution — The 1 1 per cent 
phosphate solution was injected into Dog 17, which had previously 
leceived 200 c c of 1 per cent sodium chlorid solution intravenously, and 
the 5 pel cent phosphate solution was injected into Dog 20, which had 
been previously injected with 5 pei cent gelatin At the time of the 
phosphate injections, both dogs had blood pressures below normal and 
their bloods were moderately diluted The changes m the two were, 
however, in the same diiection As a result of the phosphate injection 
the bloods were moderately diluted and the increased from neutrality 
(6 9 to 7 0) to alkalinity (7 35 and 7 2) In Dog 17 the carbon dioxid 
was considerably inci eased, while it remained practically unchanged in 
Dog 20 (the caibon dioxid capacity being increased in Dog 20) , urea 
fell slightly, and lactic acid and ammonia were i educed Darkening of 
the blood occurred in Dog 17 , the marked increase in sedimentation rate 
of blood in Dog 20 was prevented, and the increase was absent in Dog 17 
With the exception of slight blood dilution, the changes m the blood 
appeared to be beneficial As to the considerable increase m alkalinity, 
the effect was similar to that from bicarbonate , but the increase m 
carbon dioxid was much less 

The symptoms m Dog 17 consisted of tremors of fifty-one minutes’ 
duration, in Dog 20 of twitching and continued convulsions lasting sixty- 
nine minutes Immediately after the injections, the blood pressure rose 
considerably in both dogs , at the end of about half an hour it returned 
to the previous level, and then gradually fell during the tremors and 
convulsions In Dog 17 the pressure fell only from 90 to 86 mm at the 
end of fifty-one minutes, while m Dog 20 it fell from 80 to 60 mm at 
the end of sixty-nme minutes In these dogs the sustaining effect of 
convulsions on the blood pressure often found with strychnin and 
asphyxial convulsions was not evident The pulse was accelerated in 
both dogs, in Dog 17 respiration was slowed and irregular, in Dog 20, 
moderately accelerated The rectal temperature continued to fall in 
Dog 17, It rose in Dog 20, presumably (in part at least) because of the 
convulsions Symptomatically, therefore, the disodium phosphate solu- 
tions produced definite effects So far as they were determined, the 
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blood changes were in the direction of normality No estimations were 
made of phosphate, sugar and calcium The calcium ion might be 
important with phosphate and citrate 

According to Bmger,®^ -who has made such estimations in dogs, the calcium 
content of blood is decreased after alkaline and acid phosphate injections, and 
this investigator believes that the mechanism of toxicity is intimately bound up 
with the serum calcium There are other views as to the mechanism of 
action, and the reports also vary as to the occurrence of symptoms of tetany 
Binger did not observe tetany in his experiments Green wald ascribes the 
toxicity of various alkaline solutions of sodium salts (containing the anions 
Cl, “ HPO4, = Hi POi", HCOj— and COj=) to the sodium 10 ns rather than to 
the alkalinity According to Underhill, Gross and Cohen,®^ the acid and alkaline 
sodium and potassium phosphates injected intravenously into dogs and rabbits 
reduced the blood calcium and caused symptoms of tetany, while sodium 
bicarbonate produced tetany without lowering of calcium Fujimaki reports 
that intravenous injections from every twenty to forty mmutes of 5 cc of 
5 per cent solutions of monosodium and disodium phosphates in rabbits lowered 
the carbon dioxid capacity of the plasma whether the solutions were used with 
or without epinephrm, the disodium phosphate did not affect the carbon dioxid 
during dextrose injection Lactic acid formation from sugar is suggested as 
being important m these phenomena However this may be, our results are 
not sufficiently complete nor free from complications to permit any conclusions 
with respect to the mechanism of the increased excitability They may be used, 
however, m the same sense as the results with bicarbonate, 1 e , as controls of 
the methods employed and as indicating the general correctness of the results 
obtained with other agents 

Sodium Salicylate, 50 Pei Cent Solution — ^This solution is advo- 
cated for intravenous use in human subjects without adequate basis, and 
practically nothing is known of its effects on the blood Collapse is 
known to occur from tlie use of salicylate intravenously Large doses 
are the rule in the treatment of rheumatic fever The minimal fatal 
intravenous dose for dogs is about 1 gm per kilogram (Sollmann) 
We used 0 49 gm per kilogram in two dogs, of whom one (Dog 12) 
had received previously 100 c c of 0 9 per cent sodium chlorid solution 
intravenously This would be a very high dosage for man, but we were 
not interested in determining the scope of intravenous dosage for man, 
because there is no good indication for its intravenous usage therapeu- 
tically, all the ordinary effects and therapeutic benefits being promptly 
obtained with oral administration of the drug We sought to ascertain 
what, if any, changes in the blood, etc , would occur from adequate 
dosage and concentration, for if no changes occurred under these condi- 
tions, it might be assumed that no, or only unimportant, changes would 
occur from minimal doses Striking results were obtained Definite 
changes in the blood occurred long before circulatory collapse super- 
vened, and both dogs died suddenly and unexpectedly at the end of thirty- 
two and twenty minutes 

62 Binger, C J Pharm & Exper Therap 10 105 ( Aug) 1917 

63 Greenwald, I J Biol Chem 5i 285 (Oct ) 1922 

64 Underhill, F P , Gross, E G , and Cohen J Metabol Res 3 679, 1923 
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The symptoms consisted of twitching in both legs, in Dog 12 these 
were accompanied with a few mild convulsions or tremors, but these 
soon disappeared In Dog 12 about seven minutes after the injection, 
the blood pressure fell about 20 per cent , then it increased about 16 
per cent At the end of seventeen minutes, it was 126 mm of mercury 
It fell again slightly (being 120 mm ) at the end of thirty-two minutes, 
and two minutes later the heart stopped and the pressure fell to the 
zero level The pulse rate had increased from 66 to 174 just before the 
heart stopped, and the respiration, which was considerably deepened 
increased from 20 to 28 The temperature fell slightly just before the 
heart stopped In Dog 11, the blood pressure rose from 120 to 130 mm 
at the end of twenty minutes, when it suddenly fell to the zero level as 
the heart stopped The pulse rate was accelerated from 96 to 100 and 
the respiration from 24 to 34 just before the heart stopped without 
warning The temperature fell only 0 2 degree The sudden and fatal 
collapse that unexpectedly supervened m both dogs was rather striking 

The bloods from both dogs showed darkening and increased sedimen- 
tation rate as compared with the controls They resembled asphyxial 
bloods Other changes in the bloods were considerable, and in Dog 12 
there were progressive dilution, a marked tendency to acidity (lowered 
Ph), ^ reduction in carbon dioxid more or less proportional to the blood 
dilution, an increase in lactic acid, and an increase in urea Phosphate 
and sugar were not estimated All the blood changes were evident 
while the blood pressures were high and long before fatal collapse 
occurred The blood of Dog 12 postmortem had the highest acidity of 
any blood in this study There can be no doubt, therefore, that 50 
per cent salicylate solution in the dosage used definitely alters the blood 
and can cause symptoms which may result m unexpected circulatory 
collapse and death Further killing of the animals for the study of 
smaller intravenous doses of salicylate was held unjustified 

COMMENT 

The results with the different agents and solutions have been suffi- 
ciently discussed in the text and require no further discussion They 
leave no doubt that a variety of agents physically and chemically dif- 
ferent alter the blood and cause disturbances m physiologic functions 
These occur with small doses and concentrations of certain agents, 
notably of agar In other instances in our study, large doses and high 
concentrations were used though, as a rule, the concentrations correspond 
to those advocated for intravenous use m human subjects With many 
such agents and solutions used intravenously for therapeutic purposes, 
the object and dosage are ill defined Some practitioners administer 
large doses with the purpose of inducing marked systemic reactions 
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Others use small doses We have not studied the effects of small doses 
of the commoner agents, but this has been done recently by Handovsky 
Handovsky reports most interesting colloidoclastic effects after small 
doses of 0 35 gm of sodium chlorid and of 1 gm of dextrose injected 
intravenously in human subjects, and on addition of these agents to beef 
serum in vitro The effects on both human and beef serum were prac- 
tically the same, and consisted of increases m extractable cholesterol as 
a result of some influence (perhaps loosening up) of the salt and sugar 
on the colloidal structure of the serums It appears that the cholesterol 
of the circulating blood suffered some change in state It was also 
interesting that the extractable cholesterol appeared m subjects respond- 
ing with physiologic disturbances as a result of the injections, and that 
the cholesterol increased the vascular tonus in excised organs These 
results of Handovsky on human and beef serums are in line with our 
results on changes in the blood of dogs after intravenous injections 
With the isotonic and hypertonic solutions of sodium chlorid, hypertonic 
sugar solutions, salicylate, lodid and hexamethylenamin, large doses 
appear to be the rule, presumably because the solutes are regarded as 
nontoxic, inert and harmless Our results indicate that such assump- 
tions are unfounded despite the inertness and lack of toxicity of the 
solutes in the ordinary sense and when given by mouth In order to 
impress the uselessness and dangers of generalizations regarding dis- 
turbances or changes in vivo from inertness, etc , in vitro, we need only 
to point to the considerable disturbances and changes produced by agar 
acacia and hexamethylenamin described in the text, let alone the pro- 
found effects of more active agents and the unsuspected effects of some 
others The effects of agar in low dosage are so marked as to tempt one 
to speculate on the possible mechanism of the action involved 

Agar is an emulsoid colloid possessing carbohydrate properties and 
IS relatively inert chemically, being unreactive and nontoxic when given 
by mouth, but physically it is known to be rather active For instance. 
It agglutinates corpuscles in vitro and causes pulmonary emboli and 
thrombi in guinea-pigs These effects would not be expected from its 
ordinary properties However, in suspension and in solution, agar, 
like many other colloids, presents an extensive surface, and when it is 
introduced into the blood stream it acts as an extensive foreign surface 
Presumably as a result of the exposure of the blood and endothelium 
and perhaps of other tissues to this extensive foreign surface, changes 
in the surfaces of various blood elements supervene These are some- 
what akin to those of the precoagulation and coagulation states leading 
up to agglutination, flocculation and such conditions m the blood 

65 Handovsky, H Khn Wchnschr 3 1354 (July 22) 1924, Munchen med 
Wchnschr 71 708 (Ma> 30) 1924, Deutsch med Wchnschr 50 1315 (Sept 26) 
1924 
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The lattei changes have been demonstrated in corpuscles and throm- 
bocytes with many of the agents used in this study, and are themselves 
indicative of surface changes As a result of, or accompanying, these 
changes, there aie changes m osmotic pressure, ionic equilibrium, surface 
tension, etc , of cell surfaces and of the cells themselves These changes 
in turn determine the changes in the functional activity of the cells 
There probably are othei changes, and then complexity probably is 
greater than is realized Adequate evidence has been obtained by one 
of us (F D ) that the suiface effects on the corpuscles produced by a 
number of the agents heie repotted occur fiom mere direct contact with 
the blood, and that they occur in vitro quite as readily as in vivo 

Other evidence obtained in this laboratory supports the assertion of 
Lumiere that the leactivity of ceitam agents depends on the state of 
fineness of the particles, the leaction being more marked the finer the 
subdivision of pai tides, and mild or unobtainable with the same agent 
in coarse suspension This evidence will be published m the near f utui e 
These results aie cited in support of the notion of contact phenomena 
resulting from dnect contact of agents with the blood on intiavenous 
injection Similar views have been expressed by other investigators, 
but It is believed that the results reported m this paper furnish a measure 
of proof that has been lacking foi the assumed disturbance in physical 
and chemical mechanisms as a result of the contact 

Some have legaided the fundamental changes in terms of “colloido- 
clasis” or “hemoclasia,” indicating some disruption of, or disturbance in, 
the colloids of the blood and tissues Perhaps the teiminology is 
unimportant as long as the fundamental nature of the mechanism is kept 
111 mind for pui poses of further study Whatever the ultimate explana- 
tion of the anaphylactoid reactions and ciises, the results of this paper 
indicate that blood and symptomatic changes occur from agents physically 
and chemically unrelated, some of which are relatively inert in the 
ordinary sense, and also that more profound changes in the blood can 
occui than cuiient conceptions of legulatoiy mechanisms would indicate 
When blood with its important normal respiratory functions for tissues 
in general is altered, its functions may be considerably altered, and hence 
also those of the tissues This is only one reason among othei s why 
further studies along the line of this paper are needed, and it pertains 
especially to agents that are being injected intravenously into human 
subjects 

The geiieial symptoms that supeivene aie no less marked than the 
blood changes Variations, of course, occui Unsuspected and sudden 
changes are frequently encountered Reactions that supervene from 
intravenous injections occur during, or very shortly after, the injection, 
if at all Therefore, our blood analyses were made over short periods 
after the injections Aftei adjustment sets in or defensive mechanisms 
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begin to operate efficiently, the crisis begins to pass or is unrecognizable 
However, numerous possibilities exist owing to the numerous variables 
in the complex organism, all of which increase the difficulties of the 
problem The changes in the circulation, respiration, etc , that occurred 
after many of the agents in this paper deserve further analysis from 
the physiologic standpoint The immediate effects (for example, the 
sudden changes m blood pressure) may be accounted for by quite obvious 
and easily demonstrable gross disturbances, such as cardiac inhibition 
from vagus stimulation, reflex or direct, direct cardiac depression and 
vascular relaxation But, of course, the ultimate changes that bring 
about the gross changes may still, and probably do, rest on a physical- 
chemical basis Similar conceptions have been advanced not only for the 
action of such colloidal agents as agar but also for the actions of alka- 
loids, crystalloids, anesthetics and drugs in general For this reason, 
studies of the character reported in this article are not only of practical 
interest but also of fundamental biologic importance The bearing of 
the results here reported on the effects and limitations of nonspecific 
protein therapy and on the dangers of intravenous medication m general 
IS obvious These features, together with extensive summaries from 
the literature of objective changes of all kinds that have been reported 
or demonstrated in allergic reactions from various agents, have been 
previously dealt with by one of us and need not be dealt with here 
The burden of proof rests on those who assert that intravenous injec- 
tions are not injurious or dangerous 

CONCLUSIONS 

1 Intravenous injections in dogs of small and large doses of the 
following agents and solutions caused definite and important changes in 
arterial blood, accompanied as a rule by disturbances in physiologic func- 
tions 10 per cent sodium chlorid solution, 85 per cent sucrose solution, 
50 per cent dextrose solution, 18 per cent urea solution, 0 1 per cent 
agar solution, 6 per cent and 25 per cent acacia solution, 5 per cent, 
gelatin solution, 3 per cent barium sulphate suspension, 0 5 per 
cent fullers’ earth suspension, 5 per cent copper sulphate solution, 9 per 
cent calcium chlorid solution, 21 7 per cent sodium lodid solution, 50 
per cent sodium salicylate solution, 0 33 pei cent aisphenamin solu- 
tion and 5 per cent peptone solution 

2 The principal blood changes were 

(c) A considerable though variable dilution immediately after injec- 
tion, except after barium sulphate, peptone and histamin, which tended 
to cause concentration or to prevent dilution 

66 Hanzhk (Footnote 2) , California and Western Medicine 23 161 (Feb ) 

1925 
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(h) A tendency to acidity as indicated by considerable lowering of 
pn values, reduction from 7 3 or 7 2 to 6 9 or 6 8 being common and 
the lowest value observed being 6 6 Changes from the original were 
influenced by ether anesthesia, collapse, etc With some agents, the 
changes were temporary, with others permanent 

(c) Accompanying the tendency to acidity, there usually was a 
reduction in the carbon dioxid (total and alkali reserve) of the plasma, 
and the reduction appeared to be chiefly a function of the blood dilution 
Since the concentration of total carbon dioxid was reduced, the reduc- 
tion in pn was not due to carbon dioxid and presumably not to blood 
dilution per se 

(d) Of the fixed acids, lactic acid was generally increased when the 

was lowered, and it appeared to be concerned with the tendency to 

acidity in part at least Total phosphate was inconstant or variable, but 
the analyses were incomplete 

{e) Ammonia was frequently increased with the increase in lactic 
acid Sugar showed unimportant changes, and urea remained constant 
or showed unimportant fluctuations even after injections of 18 per cent 
urea solution 

(/) Darkening of the blood together with an increased sedimentation 
rate, agglutination and hemolysis occurred after agar, acacia, urea, gela- 
tin, barium sulphate, fullers’ earth, arsphenamin, copper sulphate, 
sodium lodid and sodium salicylate, except that there was no hemolysis 
with lodid and salicylate and no agglutination with urea Darkening and 
agglutination occurred with dextrose, darkening with phosphate and 
agglutination with histamin , hemolysis with 10 per cent and 0 1 per 
cent sodium chlond solution, horse serum and histamin, and increased 
sedimentation with 10 per cent sodium chlond solution Reduction or 
inhibition of increase in sedimentation rate was observed with calcium 
chlond, sodium bicarbonate and sodium phosphate These phenomena 
indicate surface changes in, and injury to, the corpuscles 

3 Disturbances in physiologic functions were indicated from changes 
in blood pressure, pulse and respiratory rates, ranging from moderate 
to profound and frequently resulting in collapse and sometimes in death 
Tremors, twitching of muscles and sometimes convulsions were 
observed, together with occasional increases in temperature of unmor- 
phmized dogs, salivation and diuresis Deaths occurred from injections 
of 40 per cent hexamethylenamin solution, hexamethylenamm and 
suciose, acacia, agar, copper sulphate, arsphenamin, fullers’ earth, cal- 
cium chlond preceded by acacia and sodium chlond, peptone sodium 
lodid and sodium salicylate 

4 The blood and symptomatic changes were not due to the removal 
of small quantities of blood for analyses and were, therefore, due to 



506 


ARCHIVES OF INTERNAL MEDICINE 


the injections themselves Induced asphxia which was used as control 
of the method of estimating pn invariably lowered the pn values 
(tendency toward acidity) 

5 Lowering of pn values of the blood did not occur or occurred only 
irregularly after the injection of 0 9 per cent sodium chlorid solution 
(pn and caibon dioxid lowered in two out of five experiments) used as 
the vehicle or solvent for the various agents that were injected — 0 1 
per cent sodium chlond solution and Tyrode’s solution Increases in 
pH (alkaline tendency) occurred after 1 5 and 5 per cent disodium 
phosphate solution, 9 per cent bicarbonate solution and 2 per cent 
citrate solution, though some dilution and some or no reduction of carbon 
dioxid (except after bicarbonate, which increased it) of the blood 
occurred Lactic acid tended to be augmented in alkaline bloods after 
the phosphate, bicarbonate and citrate, while ammonia tended to decrease 
Other changes in the blood after these solutions have been given in 
Paragraph 2 f 

6 All the changes in Paragraphs 2, 3 and 5 occurred in morphinized 
and unmorphinized dogs, with and without artificial respiration There- 
fore, the blood changes appeared to be produced independently of the 
respiration, and resulted from direct contact of the solutions and agents 
with the blood and tissues 

7 It is suggested that the basis of the blood and symptomatic changes 
that were demonstrated, and which resulted from contact with a variety 
of agents physically and chemically unrelated, rests fundamental!}' on 
disturbances in important physical and chemical mechanisms of the 
blood and tissues 

8 The practical bearing of the results on nonspecific foreign piotein 
therapy and on intravenous medication is indicated and has been dis- 
cussed in previous articles 



THE LIPOID PARTITION IN BLOOD IN 
HEALTH AND IN DISEASE 


BERNARD L OSER, Al S , and WALTER G KARR, PhD 

PHILADELPHIA 

The development in recent years of methods for the chemical analysis 
of the fatty constituents of blood has made possible the study of the 
partition of cholesterol and lecithin between the blood plasma and cells, 
a matter of great interest m view of the reported antagonism existing 
between these substances This article is part of a group of studies on 
the concenti ation and distribution of these lipoids in normal and 
pathologic blood, and the relation of these factois to certain physico- 
chemical properties of the red blood cells possibly dependent on them It 
is also planned to study from this standpoint the balance between free 
and combined cholesterol The investigation herein reported is con- 
cerned only with the lipoid partition m the blood of noimal subjects 
and of patients suffering from a variety of conditions in which abnor- 
malities in blood lipoids were expected 

It has been reported by Bloor,^ Chauffard, Laroche and Grigaut,® 
and Gorham and Myers ® that the total cholesterol content of normal 
blood plasma is only slightly above that of whole blood though generally 
somewhat greater than that of the corpuscles The “lecithin” content 
of the plasma on the other hand is, according to Bloor, approximately 
half that of the corpuscles The constancy that is understood to exist in 
the ratio of these lipoids in plasma and cells has been regarded as sugges- 
tive of a relationship between them, one exerting a neutralizing or 
balancing influence against the other The hpoid content of the cells 
has been investigated by Bloor in a variety of pathologic conditions and 
has been found to be sufficiently constant to warrant the suggestion that 
to avoid confusion little attention should be directed to the figures for 
cell lipoids * 

In 1912 Gngaut and L’Huillier published figures for the cholesterol 
distribution in forty-six pathologic cases in which the serum values 
varied between 71 and 840 mg per hundred cubic centimeters, while the 

'' From the Laboratory of Biochemistry of the Philadelphia General Hospital 
and the Graduate School of Medicine of the University of Pennsylvania 

1 Bloor, W R J Biol Chem 25 577, 1915 

2 Chauffard, A , Laroche, G , and Gngaut, A Compt rend Soc de biol 
70 336, 1911 

3 Gorham, F D , and Myers, V C Cholesterol Content of Blood, Arch Int 
Aled 20 599 (Oct ) 1917 

4 Joslin, E P The Treatment of Diabetes Mellitus, Ed 2, Philadelohia 

Lea & Febiger, 1917, p 97 ’ 

5 Gngaut, A , and L’Huillier, A Compt rend Soc de biol 73 202, 1912 
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cell values remained within the limits of 110 to 195 mg per hundred 
cubic centimeters The latter was regarded as normal This constancy 
of corpuscle cholesterol has since been confirmed by Bloor 

Later, Henes ® reported normal figures for the distribution of choles- 
terol between serum and corpuscles, his conclusion being that 55 6 
per cent of the total cholesterol is found in the serum 

The likelihood of variations m the cell concentrations of lipoids, 
however, was indicated by the results of various investigators S riking 
increases in the proportion of cholesterol ester in the cells were shown 
by Knudson ^ to take place during fat absorption Pacini reported 
changes in the cholesterol distribution m anemia® and m gallstones® 
Undernourishment induced by war diet was found by Rosenthal to 
effect diminution in the cholesterol content of the cells The work of 
MacAdam and Shiskin on the relation of splenic function to anemia 
has shown variations to exist in the corpuscle cholesterol It appears 
evident therefore that the question of hpoid distribution has by no means 
been definitely settled 

As Bloor points out, however, comparison of the work of various 
investigators is of little value unless due regard is given to the methods 
used, the time of drawing blood in relation to the last ingestion of food, 
and the lapse of time between collection of blood and analysis A further 
factor of importance in this connection is the means employed for 
measunng the relative volume of the cells 

METHODS 

The investigations of Brinkman on the osmotic resistance of red 
blood cells would seem to indicate that washing the cells with isotonic 
salt solution removes some of the phosphatids Consequently we should 
expect a difference between corpuscle “lecithin" values determined 
directly on washed cells and by calculation from the cell volume and 
values for whole blood and plasma Partly for this reason and partly for 
Its greater simplicity, we have chosen the latter procedure 

Blood was collected in oxalated tubes Determinations were con- 
ducted as soon as possible after the blood was drawn, at least to the 
stage at which no alteration in hpoid composition or distribution could 
occur Values for cell lipoids were obtained by calculation as indicated 
above 

6 Henes, E Deutsch Arch f klin Med 111 122, 1913 > 

7 Knudson, A J Biol Chem 32 337 (Dec) 1917, ibid 45 255 (Jan) 1921 

8 Pacmi, A J P Am Med 24 92, 1918 

9 Pacini, A J P Med Rec 94 441 (Sept 14) 1918 

10 Rosenthal, F Deutsch med Wchnschr 45 571 (May 22) 1919 

11 MacAdam, W , and Shiskin, C Quart J Med 16 193 (April) 1923 

12 Brinkman, R Arch neerl physiol 6 451, 1922 
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Cell Volume — The blood, thoroughly mixed by inversion, was drawn 
into the graduated capillary tubes of the Daland hematocrit and centrif- 
ugated at 3,000 revolutions per minute for three minutes The reading 
was made with the aid of a hand lens, and the tubes were then centrif- 
ugated another minute Invariably there was no change m the reading 
This method is quicker and, we believe, more accurate than the use of a 
graduated centrifuge for such measurements 

Cholesterol — Cholesterol determinations were made by the method 
of Myers and Wardell In preliminary work with this method it was 
apparent that one-half hour extractions were not sufficient to remove 
completely all the cholesterol In most cases one hour was found to 
suffice, so allowing a margin of safety all extractions were conducted 
for one and a half hours 

The development of the final color was allowed to proceed in the 
same light by which the readings were later to be made, as recommended 
by Bloor, Pelkan and Allen For colorimetric comparison a standard 
solution of cholesterol in chlorofoim was required in place of the 
artificial (naphthol green B) color standard that Myers and Wardell 
recommend for development of the color in the dark It was necessary 
to prepaie fresh standard cholesterol solutions from time to time, as the 
color developed from old solutions appeared more bluish than that from 
the chloroform extracts of desiccated blood 

L^potd Phosphonis — The determination of lipoid phosphorus was 
made on the alcohol-ether extract, 25 c c of which contained the lipoid 
fraction of 1 c c of whole blood or plasma Five cubic centimeters of 
the extract weie filtered into a pyrex test tube graduated at 5 cc , and 
evapoiated to dryness on the water bath The residue was oxidized by 
digesting over a microburner with 0 5 c c of a mixture of equal parts of 
concentrated nitric and sulphuric acids, precautions being taken against 
overheating the tube The oxidation took place m three distinct stages 
First, the water and oxids of nitrogen passed off, then sulphuric anhydnd 
fumes, finally, these dissipated and the oxids of nitrogen reappeared 
►At this juncture the heating was discontinued and, after a few minutes 
cooling, a drop of 1 per cent sucrose solution was introduced The 
flame was again applied until the mixture just came to a boil The 
sucrose solution is said to split up a refractory nitric acid-phosphoric 
acid complex which prevents the phosphoiic acid from reacting colori- 
metncally After cooling, from 1 to 2 c c of distilled water was added 
and the solution was again allowed to cool To effect partial neutraliza- 
tion of the strong acid, 6 or 7 drops of concentrated sodium hydroxid 

13 Myers, V C , and Wardell, E L J Biol Chem 36 147 (Oct) 1918 

14 Bloor, W R , Pelkan, K F , and Allen, DM J Biol Chem 52 191 
(Maj) 1922 
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was carefully introduced, the tube was again cooled and distilled watei 
added to the 5 c c mark For the coloi development the Brigg’s modifi- 
cation of the Bell and Doisy procedure for inorganic phosphorus 
was used 

COMMENT ON RESULTS 

Normal Cases — These included patients who were members of the 
hospital and laboratory staffs and some patients whose diagnosis indi- 
cated no disturbance in hpoid metabolism The latter group included 
five cases of psychosis and two minor surgical cases Among the hos- 
pital cases It was our experience that the average cell volumes fell about 
5 per cent below the limits usually regarded as normal, but only those 

Table 1 — No) mal Cases 
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18 3 

4 43 

11 

42 
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12 88 
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89 

2619 

62 

17 4 
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12 
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12 3 

10 81 
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101 

16 63 

83 

15 2 

5 46 

13 

46 

154 

14 3 

10 77 

200 

11 4 

17 54 

91 

17 2 

529 

14 

40 

160 

13 6 

11 70 

177 

98 

IS 00 

135 

193 

699 

15 

41 

151 

13 2 

11 44 

154 

98 

15 10 

146 

18 0 

811 

16 

40 

1C5 

131 

12 59 

180 

95 

18 94 

142 

23 2 

612 

17 

41 

no 

13 6 

809 

105 

94 

11 17 

117 

19 8 

591 

18 

43 

118 

13 7 

861 

118 

10 8 

10 93 

118 

17 4 

6 78 

Averages 


153 7 

13 61 

11 34 

180 8 

10 54 

17 81 

109 7 

17 97 

611 


hospital cases were selected in which the cell volume was above 40 
per cent Perhaps the hematocrit method was responsible for the lowei 
cell volumes m apparently normal cases 

From Table 1 it will be seen that both the cholesterol and hpoid 
phosphorus values for normal whole blood agree in general with thpse 
recorded in the literature While the normal lange for cholesterol in 
whole blood using the foregoing method is given as from 140 to 170 
mg per hundred cubic centimeters, occasionally values outside these 
limits were obtained The figures for hpoid phosphorus in whole blood 
range somewhat higher than those usually reported Bloor, for example, 
gives 12 mg hpoid phosphorus (recalculated from “lecithin” on the 
basis of 4 per cent phosphorus content) as the average for whole blood 

15 Briggs, A P J Biol Chem 53 13 (July) 1922 

16 Bell, R D , and Doisy, E A J Biol Chem 44 55 (Oct ) 1920 
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of men, while here the average value is 13 6 mg However, it is in the 
distribution of the lipoids that these results diffei from those of otheis 
It IS said that plasma cholesterol approximates though it is slightly 
higher than that of whole blood Although the plasma cholesterol values 
presented are m practically all instances higher than the corresponding 
whole blood values, they can hardly be said to approximate them nor 
are the increments by any means constant In the cases analyzed, an 
average of 68 per cent of the total cholesterol of the whole blood was 
present in the plasma, as compared with from 55 to 60 per cent reported 
by others In other words, instead of the plasma cholesterol values being 
only slightly higher than corresponding whole blood values, these data 
show them to be anywhere from one to one and a half times as high 
Consequently the concentration of cholesterol in the corpuscles in these 
cases IS lower than usually reported and vanes over a considerable range 
Cases 17 and 18 have been included in this series to illustrate the 
not infrequent occurrence of the blood of a healthy individual which is 
apparently normal in all respects except for its low plasma cholesterol 
content giving rise to low blood values 

Since the corpuscle values were calculated, as desciibed above, they 
are subject to wider variation and greater possible error than those 
values obtained directly Incidentally the corpuscle values reported by 
Bloor ^ for noimal males were not calculated from actually determined 
cell volumes but were based on the average cell volume of Keith, 
Rowntree and Geraghty This average (43 per cent ) was obtained 
from only eighteen normal persons, the limits (from 32 7 to 49 per cent ) 
being obviously too extreme to warrant the use of the average in any 
single case 

The concentration of lipoid phosphorus in cells vanes within nar- 
lower limits than in plasma According to our data it is from one and 
a half to two times the plasma concentration, as compared to the 2 1 
ratio obtained from Bloor’s data It is worthy of note that, except for 
a few instances, from 50 to 60 per cent of the total lipoid phosphorus 
of whole blood is contained in the cells 

In the majority of the normal cases tabulated the ratio of cholesterol 
to hpoid phosphorus in the cells averaged about 6 1 Several cases 
showed ratios somewhat lower than this on account of diminished con- 
centrations of cholesterol The plasma ratios of cholesterol to lipoid 
phosphorus were less constant and averaged about 17 8 In terms of 
lecithin this means that there is somewhat more lecithin in the plasma 
than cholesterol Bloor’s data indicates the opposite, but it must be 
remembered that cholesterol values determined by his method are con- 
siderably higher than those determined by the method of Myers and 

17 Keith, N M , Rowntree, L G„ and Geraghty, J T Arch Int Med 
16 547 (Oct ) 1915 
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Wardell In normal whole blood the ratio of cholesterol to lipoid phos- 
phorus was quite constant, averaging around 113 Those cases referred 
to above of normal blood with relatively low plasma cholesterol content 
showed the only marked discrepancy in this respect 


Table 2 — Pathologic Ca<:cs 
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From these data it would appear difficult to assume a constant balance 
to exist between the amounts of cholesterol and lecithin in the blood and 
to accept the suggestion of an antagonism based on a quantitative relation 
between these substances 
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Uremia — The hypercholesterolemia encountered in some uremic 
cases may result from either an increase in both plasma and cells or low 
cell volumes accompanying normal or increased plasma values In the 
plasma of these cases, the ratio of cholesterol to hpoid phosphorus is 
normal, but in those uremic cases with hypercholesterolemia a distinct 
disturbance in the absolute as well as the relative amounts of the lipoid 
substances is noted in the cells Both cholesterol and phospholipoid 
vary widely and independently of each other 

Taking into account the varying degrees of anemia present, the 
fraction of total whole blood cholesterol and lipoid phosphorus contained 
in the plasma of these uremic cases is, on the average, above normal, in 
spite of the higher concentration sometimes encountered in the cells 
Bloor’s observations indicate an increase in fat and hpoid phos- 
phorus in the corpuscles of nephritic patients, which he regards as due to 
the retarded assimilation accompanying the general metabolic disturbance 
associated with lowered alkali reserve In agreement with the observa- 
tions of others, we have found no relation to exist between the hyper- 
cholesterolemia of nephritis and the degree of nitrogen retention or 
carbon dioxid combining, power In their recent paper on fat metab- 
olism in nephritis, Hiller, Linder, Lundsgaard and Van Slyke suggest 
that the failure of the mechanism for transporting lipoids from the blood 
to the tissues may account for their accumulation in the blood What- 
ever the causative factor of nephritic lipemia may be, however, it appears 
to effect not merely a piling up of fats but also a disturbance in their 
customary distribution 

Pernicious Anemia — The hypocholesterolemia in these cases i esults 
from a diminution in concentration in the plasma with normal or even 
increased values in the cells, the latter having little influence on whole 
blood figures owing to the low cell volumes There is evident in some 
cases a tendency toward increased concentrations of hpoid m the cells 
in pernicious anemia, although the proportion of the total whole blood 
lipoids found in the cells is below normal 

It may be remarked at this point that a tendency toward the accumu- 
lation of lipoids m the corpuscles is observed m most cases exhibiting 
anemia to a marked degree whether primary or secondary in origin 
This would seem to indicate the existence of some relation between the 
lipoids of the cells and fat metabolism It is suggested that the fat 
transport mechanism may be disturbed to the extent of placing too great 
a load on the relatively few blood cells The corpuscles might be said 
to be overworked in their attempt to convert fatty acids to lecithin 
Honuchi,^® however, failed to observe increased lecithin values m the 

18 Bloor, W R J Biol Chem 31 575 (Sept ) 1917 

19 Hiller, A , Linder, G C , Lundsgaard, C, and Van Slyke, D D T 
Exper Med 39 931 (June) 1924 

20 Horiuchi, Y J Biol Chem 4.4 363 (Nov ) 1920 



514 


ARC HI FES OF INTERNAL MEDICIhE 


coipuscles of rabbits m experimental anemia and suggested that the 
resultant lipemia was due to the limitation of this function of the 
corpuscles 

These data do not agree with the statement of Bloor and MacPher- 
son to the effect that the blood lipoid values in anemia are normal so 
long as the peicentage of corpuscles is more than one half the normal 
value 

It IS well to recall, in discussing anemic blood, that the error in calcu- 
lation of cell values increases in inverse ratio to the cell volume 

Baitfi’s Disease — The fiist two cases of Bantds disease studied mani- 
fest a divergence from the normal cholesterol partition in that there is a 
diminution m the plasma accompanied by a considerable increase in the 
cells, though because of the marked anemia whole blood values are low 
Mac Adam and Shiskin report similar results on a case of Banti’s dis- 
ease The lipoid phosphorus content of the cells m these cases is also 
abnormally high 

^ In each of these cases splenectomy was performed, following which 
the cholesterol hpoid phosphorus ratios dropped in the plasmas and rose 
in the cells, a decided absolute increase of cholesterol taking place in the 
cells of both cases While the plasma cholesterol rose in only one of 
the cases, the plasma fraction of whole blood cholesterol fell in both 
cases The second series of analyses were made one day after operation 
The authors mentioned above have shown that the rise in plasma 
cholesterol following splenectomy is gradual and may even be preceded 
by a slight fall We have noticed this diminution in phospholipoid as 
well as in cholesterol in Case 80 This, however, may have been related 
to an accompanying cirrhosis of the liver, which was the pi obable cause 
of death in this case It may be recalled that Bloor mentions low vitality 
as a condition manifesting hypocholesterolemia 

The third case did not come under our observation until the seven- 
teenth day after splenectomy was performed The cholesterol partition is 
normal, though the lipoid phosphorus of the cells is quite increased 

Pi egnancy — Six cases are tabulated showing the rise in lipoids that 
occuis during the later months of pregnancy The accumulation of 
lipoids IS observed chiefly in the plasma, though in some cases, 
particularly in regard to cholesterol, the cells also participate Con- 
siderable variation is found to exist in the phospholipoid concentration 
of the cells A marked change in fat metabolism takes place, which 
alters the distribution as well as the concentration of lipoids in the 
blood In this connection we are led to recall the observation of Meigs, 
Blatherwick and Carey to the effect that the blood phosphatids are 

21 Bloor, W R , and MaePherson, D J J Biol Chem 31 79 (July) 1917 

22 Meigs, E B , Blatherwick, N R , and Carey, C A J Biol Chem 

37 1 (Tan) 1919 
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the piecuisois of milk fat, the pienatal increase thus being a piepaiation 
foi the impending demand 

Jaundice of Infectious Disease — ^The most charactenstic featuie of 
the hpoid pictuie in the blood in the type of jaundice found in infectious 
diseases is the distinct inciease in the cell cholesteiol A diminution in 
the plasma cholesteiol is geneially observed also The phospholipoids of 
both plasma and cells are usually noimal, though occasional vaiiations 
may occur These changes in hpoid paitition are masked when deter- 
minations aie made on whole blood alone 

Obstructive Jaundice — The cases of obstructive jaundice presented 
show a definite inciease in cell cholesterol It is a question, however, 
whethei this may be related to the jaundice per se oi to the maiked 
anemia accompanying it The hpoid phosphorus value in the cells of 
Case 89 is much i educed, an unusual occuiience m anemic blood 

Cholelithiasis — The uni ehabihty of cholesteiol deteimmations as a 
means of diagnosis of gallstones is illustiated by the two cases lepoited, 
the diagnoses of which were confiimed at opeiation Case 91 shows a 
hypeicholesteiolemia (whole blood) while Case 90 shows what may 
piobably be regarded as a low noimal The partition of cholesteiol is 
appioximately normal m both cases It is inteiesting to note that the 
hpoid phosphorus values m the plasmas are increased 

Diabetes — While the whole blood concentiations of cholesterol and 
phospholipoid fall within noimal limits, in most of our diabetic cases 
theie is sometimes obseived a distinct shift in the partition of cholesterol, 
usually in favor of the plasma The cells may show inci eased phos- 
phohpoid values which may affect the whole blood figures, especially in 
a case of polycythemia like Case 61 Lipemia is not a common occur- 
lence in the usual run of diabetic cases, especially those cases under 
treatment Since the advent of insulin we have had difficulty in finding 
cases of diabetic lipemia The one case given, that of a 6 year old girl 
with an extreme lipemia that persisted in spite of heavy doses of insulin, 
showed at one time 12 1 per cent ether-soluble matter in the blood 

CONCLUSIONS 

1 Vaiiations in the hpoid content of normal human plasma and cells 
may occui over a somewhat wider lange than previous work indicates 

2 Since no constant balance between cholesterol and “lecithin” 
appeals to exist in noimal blood, the theory of an antagonistic relation 
between these substances does not leceive support 

3 Analyses of the blood in a senes of pathologic cases show that 
consideiable vaiiation in the cell concentration of hpoid substances may 
occui , particulaily in blood of low cell content 



CONGENITAL INTRACARDIAC FISTULAS 

THEIR EFFECT ON THE DEVELOPMENT OF THE HEART * 

EMILE HOLMAN, MD 

CLEVELAND 

The abnormal development of the heart that occurs m the presence 
of congenital anomalies has not been well understood and, consequently, 
not adequately explained The following excerpt from a recent standard 
textbook ^ illustrates the difficulties of explanation presented by the 
patent septum 

In an uncomplicated patent interventricular septum the blood seeks its way 
through the patency, flozvmg back and forth between the two ventricles, and if 
the opening is small the pressure between the right and left ventricles may 
remain equal, giving rise to no symptoms In the majority of cases, however, 
the pressure m the two chambers is unequal Thus part of the blood is left 
ovei dm mg the diastole, fiist in one side, then in the other Tins in tmn causes 
dilatation and finally hypcrti ophy Usually, enlargment of the right ventricle 
precedes that of the left, and complications may result from the accumulation 
of the blood in the chambers 

In our studies on peripheral arteriovenous fistula - and on the patent 
ductus arteriosus,^ a very intimate interrelationship between increased 
minute volume flow and cardiac enlargement was demonstrated Addi- 
tional corroborative information as to this interrelationship was obtained 
from a study of such developmental anomalies of the heart as accom- 
pany patent interventricular septum, patent foramen ovale, cor trilocu- 
lare, and the associated abnormalities of pulmonary and aortic stenosis 
In the presence of these intracardiac fistulas, the volume flow of blood 
through the heart is unequally distributed among the several chambers, 
and theoretically the developmental response in these chambers should 
be commensurate with the volume flow through them Clinical evidence 
in favor of this view is provided by the following cases of congenital 
anomalies of the heart 

REPORT OF CASES 

Case 1 (Fig 1) — A girl, aged 8 months, died from marasmus after being 
m the hospital for two days The past history was one of malnutrition, 
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anorexia, constipation and bottle feeding The child -was small and wasted, 
with an earthy complexion, a prominent sternum, beaded ribs, and hypertrophied 
heart without cardiac murmur, and an enlarged liver and spleen There were 
no attacks of lividity or cyanosis 

At necropsy the heart was large and globular, weighing 4 ounces (113 4 
gm ) Superficially, it showed no indication of two ventricles, and the wall 
felt the same thickness throughout The auricles were normal The foramen 
ovale was closed The aunculoventncular valves appeared normal and 
competent The ventricular cavity was large and globular and devoid of a 
septum, but exhibited a thick convex arch of muscle which separated the aorta 
and the pulmonary artery and roughly divided off a small left ventricle, the 
infundibular portion, from the large, dilated right ventricle into which both 
auricles opened The pulmonary artery was much dilated above its origin 
as far as the origin of the two mam trunks The ductus arteriosus was of 
small size, and could not be regarded as pervious The dilatation of the pul- 



Fig 1 — Patent septum acting as an arteriovenous fistula, no cyanosis, 
marked hypertrophy of right heart and dilatation of pulmonary artery, left 
ventricle and aorta small 

monary artery was no doubt due to the large amount of blood driven into it at 
each systole The aorta was small and received little blood This accounted 
for the poor development of the child 

The patent septum in this case served as an arteriovenous fistula 
transmitting oxygenated blood from the left side of the heart to the 
right There ivas undoubtedly a mingling of venous and arterial blood 
m the right ventricle, but the blood received by the left ventricle through 
a “normal aunculoventncular valve,” though small in amount, was fully 
oxygenated , consequently, the systemic circulation received only arterial 
blood This is confirmed by the clinical description of an earthy com- 
plexion and by the absence of cyanosis The cor triloculare, without 
cyanosis, has been cited as evidence against the admixture theory of 
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cyanosis, but it is evident that such an interpretation is not valid 
The difference in development between the small left ventricle, with its 
correspondingly small aorta, and the large right ventricle, with the 
dilated pulmonary aitery, is attributed to the difference in volume flow 
of blood through them 

Case 2 (Fig 2) “ — A boy, aged 15 months, had fairly well marked cyanosis 
There was no clubbing of the fingers and toes He suffered severe attacks of 
pain in the chest The apex beat was forcible in the fifth space There was 
cardiac dulness 1 inch (2 5 cm ) to the right of the sternum and upward to 
the third costal cartilage A rough systolic murmur was heard all over the 
precordia, loudest at the third costal cartilage and the third space close to the 
left border of the sternum, conducted upward toward the left shoulder 

At necropsy the right auricle was greatly distended, and the left ^erv 
small No patent foramen ovale was present The right ventricle was dilated 



Fig 2 — Septum defect acting as a veno-arterial fistula, cyanosis prominent 
right auricle dilated , left auricle small , right ventricle dilated and hyper- 
trophied, left ventricle also hypertrophied 

and its walls were greatly hypertrophied There was stenosis of the pulmonary 
artery and of its orifice The left ventricle was dilated and its walls were hyper- 
trophied There was an opening in the interventricular septum just below the 
aortic valves m the pars membranacea 

Case 3 (Fig 2) ' — P , aged 20, had always been blue, but was con- 
sidered to be fairly strong till puberty At the age of 17, he had two slight 
attacks of rheumatism, he became of a deeper blue color and suffered from 
dyspnea He was very cyanosed and had very bulbous fingers A systolic 
murmur was audible all over the cardiac area, somewhat variable from time to 


5 Sawyer, J E H Congenital Malformations of the Heart, Pulmonary 
Stenosis and Patent Interventricular Septum, Birmingham M Rev 66 153-168, 
1909 

6 Rolleston, H D Congenital Heart Disease, Pulmonary Stenosis, 
Patent Septum Ventnculorum, Tr Path Soc London 43 32-33-34, 1892 
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time, but loudest over the fourth interspace to the left of the sternum No 
thrill was ever felt Death occurred from hemoptysis and phthisis 

At necropsy the heart weighed 20 ounces (567 gm ) The right auricle was 
both dilated and hypertrophied The tricuspid valve was thickened The right 
ventricle was hypertrophied so as to resemble the left ventricle, and was some- 
what dilated The pulmonary valves were welded together to form a funnel 
projecting up into the small thin walled pulmonary artery The left auricle 
was normal and the fossa ovalis intact The mitral valve was thickened and 
the left ventricle hypertrophied, but of about equal thickness with the right 
The interventricular septum in the situation of the "undefended space” 
was patent The circumference of this communication between the ventricles was 
27/% inches (71 cm), and its edges were rounded The aortic orifice was 
directly over the septum, and that vessel may thus be said to have arisen from 
both ventricles The aortic valves were somewhat thickened The ductus 
arteriosus was obliterated and small 



Fig 3 — Abnormal opening between right ventricle and aorta acting as a 
veno-arterial fistula , patent ductus an arteriovenous fistula , cyanosis marked , 
right auricle dilated and hypertrophied, right ventricular wall thicker than 
left, pulmonary artery small, aorta very large 

In Cases 2 and 3, the patent septum may be designated as a veno- 
arterial fistula transmitting unoxygenated blood from the right to the 
left sides of the heart, and m each instance cyanosis was a prominent 
feature In each the right auricle was dilated and hypertrophied as 
compared to the left, which was ‘Very small” or “normal ” This 
difference is interpreted as the response to the stimulus of an increased 
flow through the right auricle as compared to the left It was noted 
m each case that the two ventricles were hypertrophied and dilated, the 
right being equal to the left m size and development The aortic orifice 
was noted in Case 3 as arising from both ventncles Undoubtedly, the 
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right heart was responsible, equally with the left, in supplying the 
systemic circulation with blood and in overcoming tbe systemic peripheial 
resistance 

Case 4 (Fig 3) ^ — A girl, aged ID/z months, was first noted to have 
cyanosis at 6 months , this had been continuous more or less thereafter, with 
paroxysmal exacerbations There was violet coloration of the hands and feet 
No thrill was present The pulse was 144 The respirations were tranquil 
There were a systolic murmur and edema of the feet Hemoglobin totaled 120, 
red blood cells, 6,417,000 There was dyspnea on the slightest exertion The 
liver was enlarged When the child cried there was intense cyanosis, this 
became more frequent and more intense in the last days of life Death 
occurred in an attack of dyspnea and cyanosis 

At necropsy the heart was greatly enlarged, particularly on the right, which 
formed the apex The heart musculature on the right was more firm than 
on the left The musculature of the right auricle was hypertrophied, its cavity 



Fig 4 — Septum defect acting as a veno-arterial fistula, patent ductus as 
an arteriovenous fistula, cyanosis prominent 

dilated The thickness of the right ventricle was from 7 to 8 mm , the thick- 
ness of the left ventricle, 6 mm In the arch was the large opening of the 
ductus m communication with the pulmonary artery The opening between 
the pulmonary artery and the right ventricle was completely obliterated There 
was a free opening from the right ventricle into the aorta , this opening was 
much larger than that with the left ventricle The opening between the ven- 
tricles was as large as a small pea The aorta was very large — 4 cm in 
circumference The ductus was 6 by 3 mm The pulmonary artery was much 
smaller than the aorta, and the wall was thinner 

Case S (Fig 4) ° — A boy, aged 9, was apparently in perfect health until 7 
years old About two years before this examination, he experienced dyspnea. 


7 D’Espine and Mallet, H Du Malformation Congenitale du Coeur avec 
Cyanose Paroxystique, Rev de med 28 941-949, 1908 

8 Johnston, James Cyanosis with Deficiency of the Interventricular 
Septum, Brit M J 2 351, 1872 
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pam across the chest and dizziness for the first time He then had his first 
series of epileptic fits, and from that time on gradually became more cyanotic 
The face and extremities were very blue The lips were purple The con- 
junctival membrane was congested The apex beat was normal in position 
with a heaving rather than an accentuated impulse There was a loud systolic 
murmur, harsh and rough m character, most distinct in the midsternum This 
bruit was barely perceptible at the apex of the heart but was limited to a space 
on the sternum opposite the fourth left rib cartilage There was no regurgi- 
tation in the veins The bruit was most distinct in the horizontal position and 
frequently disappeared when the patient raised upright, but when this occurred 
he experienced a faintness and precordial pain, and then was convulsed The 
lungs were fully distended There was no increase in the number of respiratory 
movements, no cough, no expectoration, and he did not spit blood The liver 
was not enlarged The kidneys acted well The first fit was noticed in the 
hospital about eight days after admission and fits then occurred at uncertain 
intervals until a week before his death They were frequent during the last 



Fig 5 — Transposition of aorta to arise from right ventricle, cyanosis 
marked from birth, right auricle greatly dilated, left auricle undeveloped, right 
ventricle much hypertrophied, left ventricle small, aorta large 

week of life, with painful intermissions and deep cyanosis About ten days 
before death symptoms of pulmonary congestion came on with cough and 
frothy expectoration, but no blood Death occurred after a series of fits 
At necropsy every organ was found deeply congested with dark fluid blood 
In the right auricle the inferior and superior cavae were normal in size and 
position The foramen ovale was closed The tricuspid orifice was perfect 
and the valves were healthy In the right ventricle the pulmonary arterial 
orifice was so small that it hardly admitted an ordinary probe Immediately 
above and to the right side of this orifice, the aorta could be felt opening into 
the ventricle The septum ventnculorum was deficient, the finger could be 
pushed with ease into the aorta from either the right or the left ventricle The 
aorta seemed to be placed over both ventricles so as to receive the blood from 
both as from a common cavity The ductus arteriosus was patent in its normal 
position and the diameter of an ordinary goose quill, in length about one-eighth 
inch (0 3 cm ) There can be no doubt that this state of the heart was 
congenital 
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Cases 4 and 5 presented both a veno-arterial and an arteriovenous 
fistula in the same heart, the patent ductus in each case acting as the 
only pathway for the flow of blood through the lungs, and transmitting 
a mixture of arterial and venous blood from tbe aorta to the pulmonary 
artery An abnormal communication transmitting such a mixture might 
pioperly be designated as a “veno-ai tenovenous” fistula In Case 4 the 
abnormal opening between the right ventricle and the aorta, and in Case 5 
the septum defect acted as veno-arterial fistulas transmitting purely 
venous blood from the right heart into the systemic circulation, the 
\olume of unaerated blood entering the aorta being greater than the 
Aolume of oxygenated blood from the left heart This admixture of 
arterial and venous blood, with a preponderance of the latter, explains 
the high degree of cyanosis in each case There is definite evidence, 
as will be discussed in a later article, that there occasionally occurs in 
the course of years a gradual nai rowing and, finally, obliteration of the 
abnoimal patent ductus widely open at birth, and it is to this fact that 
we attribute the ill health and cyanosis that followed seven years of 
normal good health m Case 5 As long as the patent ductus remained 
1 datively large and transmitted a large amount of blood to the lungs 
for aeration, there was no cyanosis, and the oxygen interchange was 
sufficient for normal needs 

Case 4 also illustrates well the response of the heart chambers to the 
inci eased flow of blood through them, as evidenced by the dilatation and 
hypertrophy of the right auricle, and the greater thickness of the right 
ventricle as compared to the left The right ventricle, in addition to 
Its nonnal function, had, indeed, usurped part of the work of the left 
heart of propelling the stream of blood into and through the systemic 
circulation, and in consequence was proportionately more developed than 
normal 

Case 6 (Fig 5) " — A boy, aged 4, had been livid from birth and subject to 
frequent pulmonary attacks He was small for his age and presented the signs 
of extreme cyanosis, with great clubbing of the ends of the fingers and toes 
There was some bulging at the lower part of the sternum and to the right of 
the normal cardiac area, with a forcible diffused cardiac impulse, chiefly on 
the right side ot the sternum The apex beat was most plainly visible about 
tbree-fourths inch (20 mm ) below the right nipple No bruit could be heard 
at any time, but the first cardiac sound \vas doubled and extremely forcible, 
and the second sound everywhere accentuated Air entered feebly at the 
extreme bases of the lungs Death followed convulsions 

At necropsy the heart was larger than natural, the transverse diameter being 
almost as large as the vertical The right auricle was enormously distended 


9 Habershon, S H Congenital Malformation of Heart and Kidneys , 
Obliteration of Pulmonary Artery, Aorta Arising from the Right Ventricle, 
Imperfection of Septum Ventnculorum , Lungs Supplied from Aorta by a 
Ductus Arteriosus Dividing Into Right and Left Pulmonary Branches , Horse- 
Sboe Kidney, Tr Path Soc London 39 71-74, 1887-1888 
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and filled with black fluid blood In situ only one vessel (the aorta) could be 
seen arising from a central position When the cavities of the heart were 
opened, the right auricle was found to be dilated and thin walled, the vessels 
entered it normally, and the foramen ovale was closed The right aunculo- 
ventricular valves were healthy and competent, but imperfectly divided into 
two unequal sized curtains The right ventricle was enlarged and its walls 
Avere much hypertrophied The aorta arose directly .from the right ventricle, 
and was of unusually large size The sigmoid valves were very large and 
loose Immediately below their attachment was an imperfection m the base 
of the septum of a size sufficient to admit the little finger The aorta must, 
therefore, have received blood directly from both ventricles during life The 
left ventricle was of small size, it walls hypertrophied, but not to the same 
extent as the right There was a normal appearing opening into it from the 
left auricle through a bicuspid valve, and a communication through the septum 
with the cavity of the right ventricle and with the aorta No vessel opened 
from the left ventricle, and there was no trace of a pulmonary artery from 



Fig 6 — Right ventricle dilated and hypertrophied, left ventricle greatly 
reduced, pulmonary artery 29 mm in diameter at its origin, 14 mm in diameter 
after giving off patent ductus 

within the ventricle The left auricle was atrophied and reduced to a venous 
sinus, into which the pulmonary veins opened The left appendix auricle was 
present, but was very small The aorta was of unusually large size Imme- 
diately beyond the point where the great vessels were gi\en off it became 
suddenly constricted to about half its previous dimension The lungs were 
supplied from the aorta by means of a short trunk about one-fourth inch 
(0 6 cm ) m diameter, which was evidently the ductus arteriosus, and divided 
into a right and left pulmonary artery Joining the right pulmonary branch 
was a vessel which could be traced to the heart to a point on the left of and 
a little anterior to the aorta It was there lost in the muscular wall of the 
right ventricle The lungs were congested but there was no collapse 

The lividity from birth in this patient is readily explained by the 
direct transfer of venous blood from the right heart into the systemic 
circulation Only a minor portion of the circulating blood passed 
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through the patent ductus for aeration m the lungs The difterences in 
size between the enormously dilated light auricle and the atrophied left 
auncle, between the small left ventricle and the large hypertrophied right 
ventricle, are dependent on the unequal volumes of blood flowing 
through them 

Case 7 (Fig 6) — A boy, aged 3 weeks, had dyspnea Death occurred by 
suffocation 

At necropsy the right half of the heart appeared to be greatly hjpertrophied 
The right ventricle was greatly dilated The pulmonary artery above the 
valves measured 29 mm across , after the origin of the ductus botalli, 14 mm 
The foramen ovale was open and broad The circumference of the mitral open- 
ing measured about 22 mm Below the mitral was found the greatly reduced 
left ventricle The pulmonary artery communicated with the aorta by a IS mm 



Fig 7 — Foramen ovale and patent septum acting as arteriovenous fistulas, 
the patent ductus as a i eno-arterial fistula, right auricle larger than left, right 
ventricular wall three times thicker than left The patient had had cyanosis 
from birth 

long ductus botalli The aorta measured, after the opening of the ductus 
botalli, IS mm , on the cardiac side of this opening, 10 5 mm , and before giving 
off the vessels of the head and neck, 7 5 mm No communication between the 
aorta and the heart cavities was found The heart weighed 41 gm 

Case 7 illustrates m a stnking manner the interrelationship between 
the size of the large vessels and the volume flow of blood through them 
The diameter of the pulmonary artery was exactly halved after giving 
off the patent ductus, and the aorta was considerably enlarged beyond 
the entrance of the ductus 

10 Martens, Gustav Zwei Falle von Aorten Atresie, Virchows Arch f 
path anat 121 322-335, 1890 
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Case 8 (Fig 7) An infant, 6 months old, was small and underdeveloped 
The pulse was 130 The child was dyspneic and very cyanotic from birth The 
heart sounds were clear, no thrill was heard 

At necropsy the heart was one and one-half times as large as the fist The left 
auricle was smaller than the right There was no aorta from the left ventricle 
The right ventricle formed the apex of the heart The musculature of the right 
was thicker than the left The pulmonary artery was 1 4 cm broad The usual 
large arteries came from this pulmonary arterj"- The ductus was 6 mm in diameter 
There were two branches to the lungs The foramen ovale measured 5 by 3 mm 
The left ventricular wall was from 3 to 5 mm thick The right ventricular 
wall was from 0 8 to 1 2 cm thick There was a "pfennig stuck groszes” round 
opening between the two ventricles Cyanotic induration of organs was present 
Case 9 (Fig 8) — ^A boy, aged 5 months, was a patient from the age of 
3 weeks The child was cyanosed, sometimes deeply, sometimes only slightly 
It had no clubbing of the fingers or toes It was always very short of breath, 
its respirations being usually about 60 per minute Its pulse varied from 160 



Fig 8 — Foramen ovale acting as a veno-arterial fistula, the patent ductus 
as an arteriovenous fistula, cyanosis present, right auricle dilated and hyper- 
trophied, right ventricle undeveloped, left ventricle abnormally dilated and 
hypertrophied 

to 180 It never sucked very well The first and second heart sounds were audible 
There was no murmur at any time The general character of the sounds 
approached that of the sounds of the fetal heart The ultimate cause of death 
was pulmonary catarrh 

At necropsy the aortic arch w'as somewhat disproportionately large, and 
arose from an abnormally large and thick left ventricle A mitral valve with 
a partial third flap opened into the left ventricle from a left auricle of about 
normal size The mitral flap bore the normal relation to the aortic valves, 


11 Bokay, Z Em Fall von Persistierendem Truncus Arteriosus Com- 
munis bei emem 6 Monate Alten Satiglmg, Jahr f Kinderh , Berlin 80 327- 
334, 1914 

12 Moore. Norman Congenital Malformation of Heart, Tr Path Soc 
London 43*31-32, 1892 
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which were also normal The foramen ovale was open, and the right auricle 
was of double the normal capacity and thickness There was no true tricuspid 
valve, but only an opening the si7e of a common pm, which led into a right 
ventricle not larger than two pm heads This had no communication with the 
left ventricle A minute pulmonary artery without valves issued from the right 
ventricle This pulmonary artery grew much wider as it approached the ductus 
arteriosus, which was patent and nearly as wide as the pulmonary artery 

The circulation was chieflj', if not cntirelj'', carried on by the single ventricle, 
the pulmonary blood stream being directed through the ductus arteriosus from 
the aorta The blood from the hypertrophied right auricle was driven into the 
left auricle, and thence, mixed with the aerated blood from the lungs, went 
through the wide mitral orifice into the left ventricle There was no unmixed 
blood current The arteries from the arch of the aorta were normal The 
other viscera of the chest and abdomen showed no abnormalitj 



Fig 9 — Septum defect acting as a veno-arterial fistula, the patent ductus 
as an arteriovenous fistula, intermittent cyanosis, right auricle and right 
ventricle dilated and h 3 'pertrophied , aorta very wide at origin, greatly 
diminished after giving off patent ductus 

Case 10 (Fig 9) A girl, aged 9 months, was small with an ash gray 
tint She was cyanosed during coughing or crying A loud systolic murmur 
was heard, and there was increasing dyspnea and weakness 

At necropsy the right auricle and right ventricle were both of abnormallj 
large capacity, their walls hypertrophied The foramen ovale was patent 
The septum of the ventricles was deficient at its upper part, the aortic orifice 
being so placed as to communicate as dirctlv with the right as with the left 
ventricle There was no opening into the pulmonary artery The aorta was 
very wide in the ascending portion of its arch, then tapered till it was joined 
by the ductus arteriosus, when it suddenly became much smaller The ductus 
arteriosus was rather wide and its coats were thick, and the right and left 
pulmonary arteries, both from their direction and their structure, appeared to 
be branches of the arterial duct coming from the aorta, rather than of the 
impervious vessel coming from the heart The lungs presented congestion of 
their posterior parts and extensive collapse of the lower lobes 


13 Baly Malformation of the Heart, Tr Path Soc London 10 90-92, 1859 
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Case 11 (Fig 10) — A man, aged 31, had been noticed to ha\c a livid 
appearance from his birth, but he did not appear to have had aiij symptoms 
directly referable to the heart until he reached his twenty-seventh year In 
November, 1878, he had some swelling of the abdomen, became short of breath, 
and suffered from slight hemoptysis July 3, 1882, he was admitted into the 
Middlesex Hospital suffering with pain in the abdomen and loins The vessels 
of the face were markedly injected, the lips were livid, and the finger nails 
of a slaty bluish color There was a slight presystolic thrill The cardiac 
dulness commenced above at the upper border of the fourth rib, extended to 
the nipple on the left, and to the border of the sternum on the right On 
auscultation the first sound at the apex was very rough, the second sound 
sharp and ringing At the base, in the third left interspace close to the sternum, 
a loud rasping bruit could be heard This bruit, which was very localized, 
appeared to follow closely on and partly to conceal the second sound It was 
not audible at the aortic cartilage nor at the back The pulse, which was 96, 
was of fair volume, compressible and regular The patient died 



Fig 10 — Patent septum and patent ductus acting as veno-arterial fistulas, 
right ventricular wall thicker than left Cyanosis had been prominent from 
birth 

At necropsy the peritoneal cavity contained about one-half pint (236 5 cc) 
of serum The pericardial sac contained 30 ounces (887 2 c c ) of serum, and 
the serous surfaces, especially at the base of the heart, were coated with shreds 
of lymph The heart weighed 26 ounces (737 gm ) , all the cavities were hyper- 
trophied, and the auricles also notably dilated Coagula occurred m all the 
chambers The tricuspid orifice was large, and its valves incompetent, the 
pulmonary valves were natural and competent, and the infundibulum was 
natural The ductus arteriosus, which had been partially laid open in removing 
the heart, was of large size and freely patent, admitting the tip of the little 
finger At its orifice into the aorta there was some calcified atheroma beneath 
the lining membrane The aortic valves were competent, the mitral valve 


14 Coupland, Sidney Congenital Malformation of the Heart, Patent 
Ductus Arteriosus, Defect of Ventricular Septum, Cyanosis, Facial Ery- 
sipelas , Pericarditis—Death, M Times & Gaz , London 2 501, 1884 
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also was competent, but thickened along its border A rounded aperture large 
enough to permit the passage of an ordinary cedar pencil occurred m the pars 
membranacea of the ventricular septum Whether or not the aorta was 
narrowed beyond the entrance of the ductus was not observed The wall of 
the right ventricle at the base of the heart measured seven-eighths inch (21 cm ) 
m thickness , that of the left six-eighths inch (1 8 cm ) The lungs were highly 
edematous 

COMMENT 

In surveying these remarkable diversions from the normal flow of 
blood, most instructive information is obtained as to the occurrence and 
causation of cyanosis It is evident that cyanosis in all instances was 
due to the flow of blood through abnormal openings from the venous 
to the arterial sides of the circulation These abnormal openings may, 
therefore, be designated as veno-artenal fistulas In those instances 
in which the admixture occurred in the opposite direction, i e , from 
the arterial to the venous side of the circulation, as in Case 1 and in 
numerous cases of patent ductus, no cyanosis was recorded Under 
such circumstances the abnormal opening serves as an arteriovenous 
fistula, transmitting only aerated blood The most intense cyanosis was 
encountered in Cases 6, 8 and 10, in which the greater part of the blood 
from the vena cava entirely escaped the lungs and was diverted, 
unoxygenated, through abnormal openings into the systemic circulation 
That cyanosis may be due to the admixture of venous to arterial blood 
is abundantly proved by these examples, as well as by those cases of 
pure patent ductus in which the blood flows from the pulmonary artery 
into the aorta It is apparent that the authors of books on pediatncs 
should revise their statements that such an admixture does not explain 
the cyanosis found in cardiac anomalies 

Abundant evidence is also provided by these circulatory anomalies 
to substantiate the physiologic principle that the chambers of the heart, 
as well as the blood vessels, place themselves in harmony with the volume 

15 Since the completion of this article and a preceding one on patent ductus 
arteriosus, my attention has been called to a contribution on the subject by 
Dr Maude Abbott, with W T Dawson The Clinical Classification of Con- 
genital Cardiac Disease, Internat Chn 4 , Series 34, December, 1924 Dr 
Abbott designates the abnormal openings delivering venous blood into the 
systemic circulation as “venous arterial shunts,” and those delivering the 
arterial blood into the pulmonary circuit as “arterial venous shunts ” Although 
she does not include the patent ductus as a “venous arterial” shunt, it would 
seem from our studies that it should also be included under this head Cyanosis 
in these cases depends, of course, on the amount of unaerated blood that escapes 
into the systemic circulation, and obviously does not appear unless the diversion 
of venous blood has assumed considerable proportions 

16 Griffith, J P C The Diseases of Infants and Children, Philadelphia, 
W B Saunders Company, 1921, p 126 Graham, E E Diseases of Children, 
Philadelphia, Lea and Febiger, 1916 Tuttle and Hurford Diseases of Chil- 
dren, Philadelphia, Lea and Febiger, 1917 Holt and Howland Diseases of 
Infancy and Childhood, New York, D Appleton & Co , 1922 
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flow of blood through them The enlargement of the heart that is found 
in these cases, restricted to certain chambers only, may be both a dilata- 
tion and an hypertrophy, the dilatation in the well functioning organ 
being solely attributable to the increased minute volume flow through 
those chambers The hypertrophy, however, may be attributed to two 
factors (1) the increased effort necessary to propel forward an 
increased minute volume flow of blood, and (2) the assumption by the 
right heart, in addition to its normal function, of a part of the buiden 
of the left heart in overcoming the systemic peripheral resistance and 
in supplying the systemic circulation with blood Whenever abnoimal 
openings, such as the septum defect or the patent ductus, place the right 
heart in direct communication with the systemic circulation, an increased 
development of the right ventricle is observed When, as in Case 9 
(Fig 8), the left heart assumes the full burden of supplying both the 
systemic and the pulmonary circulations, we have a proportionately 
greater development of this half of the heart 

The clinical evidence presented by this study of congenital cardiac 
anomalies is convincing that the heart chambers respond, both by 
dilatation and by hypertrophy, to an increased volume flow of blood 
through them, and the deduction is justified that such an increased flow 
is the most effective physiologic stimulus to cardiac dilatation and 
hypertrophy 
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It has been known for a long time that the administration of urea 
in large doses produces a considerable increase in the volume of urine 
Urea was, however, until comparatively recently little utilized for its 
diuretic properties This was doubtless due to the prevailing idea that 
urea retention was the causative factor in uremia Urea was consid- 
ered a harmful substance and any measures undertaken to raise its 
concentration in the bod} were regarded with disfavor With the 
advance of clinical chemistry it soon came to be recognized that although 
the urea in the blood is raised in uremia it is not the cause of the condi- 
tion It became established that if the function of the kidney is good 
uiea can be given to patients foi prolonged periods of time with impu- 
nity E^en in cases in which kidney disease was known to be present, 
large doses of urea have been given in order to estimate the functional 
capacity of the kidney and no untoward results have been observed 
Recently, urea has been administered over prolonged periods of time in 
the treatment of certain cases of nephritic edema in which the blood 
urea was not raised and very favorable results have been reported 

Urea was first used as a diuretic by Friedrich in 1892 In this 
investigation he administered urea m edema due to various causes, the 
senes included a few cases of cardiac edema He gave from 2 to 14 
gm a day and reported very favorable results Feilchenfeld ^ conducted 
a similai study with similar results He stated that the increase in 
urine volume was proportional to the dose Strauss ® gave urea in doses 
up to 100 gm a day to twelve patients with cardiac edema following 
heart disease or arteriosclerosis, with very beneficial results He com- 
menced with doses of 40 gm a day and gradually increased it as 
necessity demanded In spite of the favorable results reported by the 
foregoing observers, urea has not come into common use as a diuretic 
in cardiac edema for leasons we have not been able to ascertain 

■■ From the Hospital of the Rockefeller Institute for Medical Research 

1 Friedrich, W (Ueber die harntreibende Eigenshaft des Uream) as ureum 
hugjfiajto tulajdonsargarol Kozleminy u budapeste Magy kir tud Egyetem 
gj ogyozertani intezelebol, Magy orv Arch 1 400-415, 1892 

2 Feilchenfeld, J Ueber Harnstoff als Diureticum, Therap d Gegenw 59 
273, 1918 

3 Strauss, H Ueber Harnstoff als Diuretikum, 58 375, 1921 
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Foi our investigation we have selected cases of advanced cardiac 
decompensation which have responded only partially or not at all to the 
methods usually employed in the treatment of cardiac edema The 
series included four cases of mitral stenosis with auiicular flbi illation, 
two cases of mitral stenosis, one case of aortic disease with auricu- 
lar fibrillation, and one case of exophthalmic goiter with aunculai 
fibi illation 

The routine treatment of all patients included rest in bed, a salt fiee 
diet, thoiough digitalization, and restiiction of the fluid intake to 1,200 
c c a day Foui of the patients had also received novasurol, and had 
been lendeied edema free, but after the injections of this drug had been 
discontinued, the urine volume was subnormal and edema had gradually 
leappeared Uiea was given with a view to i eestabhshing a noinial 
watei balance by maintaining an adequate uiine output, and also, when 
slight edema had collected, to bung about its removal The other foui 
patients of our senes all exhibited marked edema when urea medication 
was instituted These patients had not received a couise of novasurol 
One case of mitral stenosis with legular ihythm (Case 6) did not 
leceive digitalis as we decided to study the effect of uiea without previ- 
ous digitalization 

In all cases twelve houi specimens of mine weie collected, and in 
these, the volume, the specific giavity and the chloiid excietion weie 
detei mined Urea administration was not commenced until the mine 
volume and chloiid excietion had leached a constant level In oidei 
to study in detail the changes that took place in the urine volume, uiea 
excietion and blood uiea, and then time lelations, we collected a speci- 
men of uiine over a peiiod of seventy-two minutes at fiequent inteivals 
and obtained a specimen of blood in the middle of this peiiod The 
time of making these tests was varied with i elation to the admmistiation 
of mea in oidei that its effect might be followed moie closely Dining 
these peiiods no food oi fluid was given The mea in the blood and 
urine was estimated by the method of Van Slyke and Cullen,"* the 
chlond in the mine by a Volhaid titration, 'and the chloiid in the plasma 
by the method of Van Slyke “ 

METHOD or ADMINISTRATION 

Ui ea was given in a small quantity of watei a short tune aftei a meal 
as It had been pieviously found that gastiic disturbance was less likely 
to lake place if it weie given at this time Urea has a peculiar metallic 

4 Van Sljke, D D , and Cullen, G E A Permanent Preparation of Urease 
and Its Use in the Determination of Urea, J Biol Chem 19 211, 1914 

5 Van Slyke, D D The Determination of Chlorids in Blood and Tissues 
J Biol Chem 58 523 (Dec) 1923 
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taste and is not pleasant to take The patients soon become accustomed 
to It, however In four of oiu cases we administered 30 gm a day in 
divided doses of 15 gm One dose was given at 8 30 a m and the 
other at 4 p m In the other four cases, we studied the effect of 
inci easing the quantity of urea At first 30 gm a day was given This 

iDQ 6 KQ 



Effect of urea administration on urine volume, weight and blood urea The 
patient had received one-third the daily dose of urea at 8 30 and 12 30 , specimens 
of blood were obtained at 2 p ra , 

was then increased to 45 gm a day, and in two cases it was further 
increased to 60 gm a day In three of the cases these increases took 
place at weekly intervals The urea was given in three equal doses at 
8 30 a m , 12 30 and 6pm 
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OBSERVATIONS 

Unne Volume — The response of the cases with edema to urea feed- 
ing was prompt and, as a rule, very efficient (accompanying chart) In 
seven cases of the series, oliguria was present before treatment was insti- 
tuted Their average daily output during the control peiiod varied from 
340 to 776 c c After 30 gm of urea a day, the average daily urine vol- 
ume for each case varied, as a rule, between 900 and 1,300 c c When the 
amount was increased to 45 gm a day, the average daily output 
increased to 1,400 and 1,500 cc A dose of 60 gm daily was followed 
by a further slight increase (Tables 1, 2 and 3) The maximum 
response to a particular dose did not occur until the second or even 
the third day that the urea was given The daily output then remained 
at this level as long as this particulai dosage was continued After 
urea administration was discontinued, a diuretic action was still distin- 
guishable during the first twenty-four hour period theieafter 

The time relations between the dosage and the diuretic response can 
be still further analyzed by studying the rate of excretion during the 
seventy-two minute periods From these data it may be seen (Table 2) 
that an increased urine volume was already established within thiee 
hours after the first dose was given After the urea feeding had been 
discontinued, the duration of its diuretic action depended to some extent 
on the dosage When 30 gm a day was given, its effect had practically 
passed off within fifteen to seventeen hours But with larger doses, its 
influence was still apparent at this time (Table 1) 

Weight of Patient — Patients with edema lost weight coi responding 
to the diuresis that took place This loss of weight was gradual and 
continuous (chart) Patient 7, who did not have oliguria during the 
control period, is particularly noteworthy In this case the diuresis 
was much greater than in any of the others and the weight loss much 
more rapid, amounting to 8 kg in the first five days , this is to be con- 
trasted with a loss of 1 6 kg in the preceding contiol peiiod of five 
days In some cases continuance of urea feeding was necessary to pre- 
vent accumulation of edema, for when it was stopped the patient’s 
weight tended to increase, until visible edema reappeared (Tables 1, 
2 and 3) 

Clinical Condition — Corresponding to the weight loss, one noted a 
disappearance of edema, and of transudates fiom the body cavities It 
was possible to clear all the patients of excess fluid in this way, with the 
exception of Patient 8 At the same time definite subjective improve- 
ment occurred The most striking clinical improvement occurred in 
Case 7, in winch rapid subjective improvement occurred simultaneously 
with the loss of edema Patients 4, 5 and 6 also experienced very 
definite symptomatic relief which other measures had failed to eive 
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This lelief was associated with a decrease m weight Cases 1 and 2 
were free from edema at the beginning of treatment, and there was no 
definite symptomatic improvement due to urea Case 3 improved sub- 
jectively when urea medication was commenced, although edema was 
absent and weight loss did not occur The value of urea in the last three 
cases was in maintaining a normal water balance When the urine 
volume diminished consequent on the withdrawal of uiea, edema tended 
to recur, with its concomitant symptoms When the administration of 
urea was resumed, symptoms and edema were again controlled 

In Case 8, urea administration did not result m clinical improvement 
This was a case of mitral stenosis with normal rhythm in which there 
was considerable ascites, and slight edema of the legs The patient 
leacted to a slight extent to digitalis, but this effect was transitory 
The dose of urea was gradually increased up to 60 gm a day, each 
increase causing a definite rise in urine volume Nevertheless, the 
clinical condition did not improve After nineteen days of treatment 
the patient had lost 4 5 kg m weight The patient began to complain 
of nausea and on the last day of the course vomiting occurred The 
blood uiea nitrogen was high after the midday dose, 74 9 mg per hun- 
dred cubic centimeters Accordingly, urea was discontinued The urine 
volume immediately fell and the general state of the patient became 
woise It then became apparent that urea had been beneficial to the 
extent of postponing the unfavorable clinical course that subsequenth 
developed 

Evidence of Intolerance — ^^¥hen the dose was taken on an empty 
stomach, vomiting occasionally occurred immediately after, but this 
symptom gave little trouble when the urea was given after meals In 
tlnee of the caes (Cases 5, 7 and 8) the prolonged administration of 
urea in large doses gave rise to untoward symptoms These manifesta- 
tions consisted in loss of appetite, nausea and sometimes vomiting, and 
in one instance, a feeling of weakness and lassitude In Cases 7 and 8 
they were sufficiently uigent to call for the discontinuance of urea 
administration In these cases the blood urea nitrogen, estimated in the 
afternoon after the second daily dose, was 89 0 mg and 749 mg pei 
hundred cubic centimeters, respectively These figures are practically 
identical with those found by Hewlett, Gilbert and Wickett ® in experi- 
ments designed to investigate the toxicity of urea In normal subjects 
the) found that similar symptoms occurred when the blood urea reached 
values above 150 mg per hundred cubic centimeters (equivalent to 70 
mg of urea nitrogen per hundred cubic centimeters) In our cases the 
symptoms disappeared, as a rule, within twenty-foui hours after urea 

6 Hewlett, A W , Gilbert, Q O , and Wickett, A D The Toxic Effects 
of Urea on Normal Individuals, Arch Int Med 18 636 (Nov ) 1916 



0 

1 

K 

S-N 

52 






to 


•*«* s 


S; 'i 
^ Js 
C3i Ci 

<5» ^ 

r* 

ts 

^ 5i 

^ “ 
hi 
*= ti 

>2 s 

^ S 

^ § 


'4-, 
•=; >5 
2 ^ 

■^1 
':i ^ 

cq 

*4*^ 

■2 § 


ra S; 

5 S 
5(J5 


e 

<u 


H-^ 

O 




2 

< 

H 


cz 

c 


c 

® t> 

Ss|« 

t3 O C ri 

^ k^hh 


I i 

pH o 


1^ 

1 ^ 

« 


* c* 

^ C 
§§ 
“g 

O wj 

?5 


O cij- CO 
PS »o 


w 

M ^ o 

rl « p CO ^ •*- 

vO<u^z!.s~ 

gg’^So^ilSs 

&i 3 g^W|i 5 ^gO 

;5w««i§ 


1*5 CO 'H* 


«'C 

n (i> 


c; 


O <15 ^ 

a> 9S 0)0^ Oi3 ® 
■pgBftMgSagi 

«'^.S f-!S 


cj ^ s s^ 

»* lo 't* S 


'S B S*- ® 

oJ;gp,o^ 

8'^ 

/H r-1 

„ d Me. 

^ o a K^ 

tj ^ S 5 ^ ” tw 

o <u^ S 

S o ® 2 <5*^0 

r? " -4 O 02 ^ 


l- OOCO CO 


o M 


C^ 1- CO C5 W cc » 

<0 -HI o CO t>. CO C 
r-i '*‘1 *-4 tH ^ O r 


w W o 


l^a § 

C S C s ^ 

gA^-g'^ 


CO 05 CO O M4 O 


2f? 


■S-hS-SS 

B 

P 

•4 

3 csfe C5 

■* *w 

° c=' 

|eE 


v •»• 

=--s 

ty 25 

vj *j *13 p3 

r0 ^ S^ O 

125^ 

- 0.33W 

I :> 


« WJ 


« 


s 


CO 
O cc. 
O' 


Ii5c0 

O i'^ 


^^ 2 h« <CCO«H(MO(^l»OlC 5 


OXi 
0« Q 

cn e 3 ^ 


O 

t»H 

o 

n 


O Cl 05 C^ 05 rH 

CO eo -r 05 **5 CO 

coc- 4-06 rico© 


C 05 t' C5 


1 *COO-H 05 

S 5 f 23 rlf 2 


Cl 

o « >• 

32 ^ 

li« 

055 


► c* -* 
rTT p 


giag 

gS£ 

©■« o 

55 P 


1^ O o 
05 S 
r-4 O 


n CO l'^ O r-i O 05 

O -14 r-i -H* C5 J- o 

cocci- COO -ft- 


r-i O C 

-^-fOsO-T* •^CO I* O'^ 


00 00 O O CO c? 

^sr-i ^jS Sog 


5 O 

IP 


8 8 
s »5 


o 


O CO u'S 

oco 

f”i rH rH 04 


. . COi- ^ 

l'*Or-iOT-' C> 04 ^^ 

Cl o*' fr .4 cc e-o o o o 




CC 1- »-4 O Cl 

* ’■^ c 

I 01 c 


0 1 - Cl O -r CO 
1- CO lO O Cl «T 
r-i Cl Cl O Cl Cl 


«o 

o 


CO »•* 05 CO Cl 1 - E! P r? 

c/j CO o 01 ^ -f 4 “* C 5 a t- 1 '^ 
Cl M rl r-4 CO '*‘1 r-4 w r-i o 


t- CO rH e^ ^ , 

-THOCOl-O-t f - . .. - ^ 

-fWCOl^l’^CO eo-T'r-'^-l.f»lC 


C 0 -f «'5 rHOlC-OCCCI 


05 O CO o-j i-< «-* T- i- <^J O 

-H -1* C^ C'" ^1 »^l -H Cl 4^1 


— 05 1*^ L'i 


’8 8? 


m *— I 
S Ui 
0X1 

aoq c 
^uo 

93 c: ^ 

c- 


93 *C 

0 x 1 

CIS 
^uQ 

93 C3^ 

•—3 ^ 

— C4 “*" 


C 


0*X 9 ^ 

C 4 C 3 CJ o 
® c “ 2 


«•=: 


c.; 

o 


O 


Diiys on whicii no\ isiirol n is efTcctuo ire not included 



536 


ARCHIVES OF INTERNAL MEDICINE 


was discontinued In Case 6, however, they persisted to a lessened 
extent for four days thereafter This case had a coexistent nephritis 
After urea had been discontinued on account of symptoms of intoler- 
ance, It was always possible after a short interval to resume treatment, 
with a smaller dose, without the production of untoward symptoms 

Most of the patients, although not all, complained of thirst while 
under urea medication , however, this was never severe enough to inter- 
fere with the continuation of treatment Headache was an occasional 
but never a severe cause of complaint It is not certain that any of 
these symptoms were entirely due to urea administration, the benefits 
derived from the urea were marked and in our 3 udgment far out- 
weighed the discomfort entailed 

CHANGES IN URINARY CONSTITUENTS 

Urea — A study of the rate of urea excretion shows that this ran 
parallel with the water excretion The amount gradually increased for 
two or three days after treatment was begun and thereafter remained 
practically constant as long as the dosage remained constant, irrespec- 
tive of the time it was continued With larger doses the amount of urea 
excreted was increased Cessation of treatment rapidly reduced the 
output of urea to its previous level The increased excretion of urea 
began within from one and one-half to three hours after its adminis- 
tration (Table 2) Later in the day, after a second dose of urea had 
been given, the amount excreted was still greater (Table 3) On the 
following morning much less urea was excreted, the amount depending 
largely on the dosage With the smaller doses, the quantity of urea in 
the urine seventeen hours after the last dose was only raised to a slight 
extent over the amount excreted before urea was given With the larger 
doses, however, an increased output was still maintained at this time 
(Table 1) 

Chloi id — -As a rule more chlond is excreted during urea administra- 
tion than during the control period The changes in amount are slight, 
however, and show very little regularity 

Abnormal Urinary Changes — We have seen no evidence of kidney 
irritation as shown by the presence of albumin, red blood cells or casts 
AVhen these were present before treatment was begun they became pro- 
gressively reduced in amount and in almost every case disappeared 

CHANGES IN THE BLOOD 

Ui ea — ^The blood urea nitrogen was increased by taking urea The 
extent of the increase varied with the dose (chart) When a certain 
amount of urea was given on succeeding days in divided doses, the 
hours of administration being the same on these days, the concentration 
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of urea ui the blood at a given time rose for a few days, until a certain 
height was reached It continued at about this level however long this 
dosage was continued As soon as the administration of urea was discon- 
tinued, the amount of urea nitiogen in the blood lapidly fell to its 
previous level The volume of urine and urea excretion reflected the con- 
centration of the urea m the blood Seventeen hours after the last dose 
the urea in the blood was still raised — the height varying with the amount 
administered — hut the increase was not great (Table 1) The urea 
given must have been lapidly absorbed for the amount of urea nitrogen 
in the blood increased within three hours (Table 2) 

Plasma Chloiid — The chlorid m the plasma lemained practically 
unaltered 

INDEX or UREA EXCRETION 

A study of kidney function by the urea excietion index of Austin, 
Stillman and Van Slyke^ is of considerable interest These authors 
have made a study of the changes in the rate of urea excretion with 
varying concentrations of uiea m the blood and with varying urine 
volumes They have expressed the relationships between these factors 
m the following equation K = in which D lepiesents urea 

output (as grams per twenty-fom hours), B the blood urea (as grams 
per liter), V the volume output (as liters pei twenty-four hours), W 
the body weight (as kilograms), and K the excietoiy constant For 
the normal subject K varies between 45 and 105 In kidney disease, 
values varying between 3 and the normal values have been observed 

With the exception of Case 1, all cases in the senes fell below the 
minimum normal value of 45 on some occasion In Case 6, this sub- 
normal value was chiefly due to a chronic nephritis In Cases 2, 3, and 
6 there was a marked tendency of the index to use as treatment was 
continued This rise was coincident with a marked improvement m 
the clinical condition Two cases in the series (Cases 7 and 8) showed 
low indexes during treatment Case 8 showed a primary rise of the 
index with a subsequent fall to a still lower level It will be lecalled 
that this case did not improve with treatment Case 7, however, showed 
a marked improvement, and finally the patient went home with compen- 
sation reestablished The two markedly subnormal indexes found m his 
case are unexplained There was no evidence of nephritis 

The general tendency of the index to rise dm mg urea feeding does 
not occur in normal subjects ^ It would seem to reflect a general 
improvement in the clinical condition of the cases under urea treatment 
It gives further evidence against the possibility of kidney damage due 
to urea 

7 Austin, J H , Stillman, E, and Van Slyke, D D Factors Governing 
the Excretion Rate of Urea, J Biol Chetn 46 607 (March) 1921 



IvNiiLb 3 — Effect of Uica on Unite Volume and Body Weight, the Blood U/ea Nitiogen Out and a Half Homs Aftei the Second Dose 
Dunng Time Uiea Was Being Given Thrice Daily, ivith the Rate of Uiea and Uitne Exaction at This Time 
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COMMENT 

Many of the most troublesome symptoms of cardiac decompensation 
are due to the accumulation of fluid in the tissues, in body cavities and 
in parenchymatous organs The most important causal factor is cer- 
tainly the failure of the efficiency of the myocardium, and it is to the 
amelioration of this that our first efforts must be directed But fre- 
quently in the more advanced cases of heart disease, the maximum 
efficiency that can be obtained by treatment of the heart per se does not 
suffice to remove edema nor to maintain the patient free from symptoms 
In the cases treated with urea a marked improvement in the clinical con- 
dition of the patient took place which could be assigned to the action of 
urea The treatment succeeded in maintaining an adequate urine output 
and also in removing edema As soon as the administration of urea 
was stopped, the urinary output immediately fell and the clinical condi- 
tion became worse When treatment was resumed an improvement 
again took place We have studied some of our cases for months and 
have found that a particular dose will give the same daily urinary output 
with only slight variations throughout the period investigated In 
•these cases it has seemed that the maintenance of an adequate water 
excretion has been instrumental not only in preventing symptoms but 
also m avoiding a relapse We have also prescribed its use at home by 
patients who have been discharged from the hospital after treatment 
for decompensation Here again careful treatment of the cardiac condi- 
tion is of prime importance, but it seems that urea has been of great 
assistance in keeping these patients comfortable through the main- 
tenance of a normal water balance 

Urea is rapidly absorbed and an increase immediately occurs m the 
height of the urea in the blood The mean level of the urea in the 
blood IS dependent on the dosage, and the relationship between them 
IS fairly constant in any particular case The amount of urea excreted' 
depends on the blood urea, so that with constant urea administration a 
state of equilibrium is reached between the intake and the output 
During urea diuresis the excretion of water runs more or less parallel 
with that of urea, so that urine volume reflects the concentration of urea 
in the blood Undoubtedly the explanation of the diuresis is that the 
excess of urea circulating in the blood is excreted by the kidney, and 
during the process carries with it a considerable amount of water 

CONCLUSIONS 

1 Urea was given in doses of from 30 to 60 gm a day to eight 
patients with advanced heart failuie and was followed by a marked 
increase m urine volume The drug was particularly useful in cases 
in which an adequate water excretion was not maintained after the 
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edema fluid had been removed by other measures In some cases it 
relieved the edema when other remedies had failed 

2 The increase in urine output varied with the dose and followed 
closely the curve of urea excretion With continuous administration 
the daily urine volume was maintained at an almost constant level The 
response after administration was rapid, but the effect passed off in a 
short time unless the dose was repeated 

3 The changes in urine volume and in urea excretion were depen- 
dent on the concentration of the urea in the blood 

4 In several of the cases there was a subnormal index of urea 
excretion which seemed ascribable to advanced heart failure The index 
tended to improve with urea admmistiation, along with a general 
improvement in the clinical condition 

5 Toxic symptoms of any significance did not take place 

6 From these observations we would suggest that urea is a useful 
diuretic in cases of heart failure with edema in which treatment of the 
cardiac condition has failed to remove the edema or maintain an ade- 
quate water excretion 
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Success m the surgical treatment of carcinoma is attained only when 
complete removal of the primary malignant lesion is possible Metas- 
tatic dissemination precludes other than palliative measures 

Early diagnosis of intra-abdominal malignant disease, especially of 
carcinoma involving the hollow viscera, has been greatly facilitated by 
the roentgen ray Demonstration of a significant filling defect, especially 
in the stomach or large bowel, as a rule is possible long before the 
malignant growth causing such a defect has produced a palpable or 
visible tumor, and frequently before maiked cachexia has developed 
The lay conception of cancer as a painful, debilitating, wasting disease 
is based on clinical pictures of advanced and often incurable malignant 
disease The onset in any adult of dyspepsia which resists the usual 
methods of relief, and remains persistent or progresses, should at least 
evoke a suspicion of gastric carcinoma until another explanation is 
found Similarly, marked or prolonged changes m the activity of the 
bowels in a person near or past middle life is always suggestive of 
malignancy of the large bowel In such a case the probability of carci- 
noma must be kept in mind until another cause is shown The suspicion 
of gastro-intestinal carcinoma must be aroused earlier in the minds 
of laymen and physicians, and propaganda to correct the preroentgen- 
ray conception of cancer is needed Assuming early diagnosis and the 
correspondingly more reasonable chance that the malignant lesion is 
operable, prognosis will still depend on the presence or absence of 
metastasis Palpable implants on the rectal shelf, demonstrable ascites, 
the rare but deadly button-hke infiltration of the umbilicus, roentgeno- 
logic evidence of malignant infiltration of the lung, the presence of a 
“sentinel” gland in the supraclavicular region, or of grossly palpable 
nodules on the surface of the liver, are all contraindications to radical 
surgical treatment Even in the absence of such evidence, laparotomy 

*From the Divisions of Medicine and Surgery, Mayo Clinic, and The Mayo 
Foundation 
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may reveal metastatic nodules in the liver Any laboratory test, there- 
fore, which may be depended on to disclose the existence of malignant 
infiltration of the liver, either primary or metastatic, will be of definite 
clinical value 

Rowntree, Hurwitz and Bloomfield,^ and more recently Rosenthal,^ 
Ottenberg, Rosenfeld and Goldsmith,® and Gonzalez and Karr ^ have 
reported studies of the phenoltetrachlorphthalem test in cases of carci- 
noma involving the liver, and have suggested that the test is of particu- 
lar value in such cases Their studies, however, were not sufficiently 
extensive to determine the exact clinical value of the test 

In previous papers,® we have reported a series of tests for hepatic 
function in patients with obstructive jaundice and in animals with exper- 
imentally induced obstruction of the common bile duct Bilirubinemia 
and marked retention of phenoltetrachlorphthalem are both characteris- 
tically present Particularly striking was the parallelism between the 
degree of jaundice and the extent of the dye retention Included in the 
latter report was a series of cases of obstruction secondary to tumor of 
the head of the pancreas, presumably carcinomatous in nature In 
these cases, however, the jaundice completely dominated both the clin- 
ical picture and the laboratory findings 

We shall now present the results of a study of these tests in three 
groups of cases Group 1, fourteen cases of metastatic carcinoma of the 
liver associated with frank jaundice, Group 2, eighteen cases of metas- 
tatic carcinoma of the liver without jaundice, and Group 3, seventeen 
cases of mtra-abdominal carcinoma without demonstrable involvement 
of the liver 


1 Rowntree, L G , Hurwit7, S H , and Bloomfeld, A L An Experi- 
mental and Clinical Study of the Value of Phenoltetrachlorphthalem as a Test 
for Hepatic Function, Bull Johns Hopkins Hosp 24:327-342, 1913 

2 Rosenthal, S M A New Method of Testing Liver Function with Phenol- 
tetrachlorphthalein, III, A Clinical Report 79 2151-2154 (Dec 23) 1922 

3 Ottenberg, R , Rosenfeld, S , and Goldsmith, L The Clinical Value of 
the Serum Tetrachlorphenolphthalem Test for Liver Function, Arch Int Med 
34 206-227 (Aug ) 1924 

4 Gonzalez, A , and Karr, W G A Comparative Study of the Phenol- 
tetrachlorphthalein and Hemoclastic Tests of Liver Function, Arch Int Med 
34 282-291 (Sept ) 1924 

5 Greene, C H , Snell, A M , and Walters, Waltman Diseases of the 
Liver, I, A Survey of Tests for Hepatic Function, Arch Int Med 36 248-272 
(Aug ) 1925 Snell, A M , Greene, C H , and Rowntree, L G Diseases of 
the Liver, II, A Comparative Study of Certain Tests for Hepatic Function in 
Experimental Obstructive Jaundice, ibid 36 273-291 (Aug) 1925 Greene, C H , 
McVicar, C S , Rowntree, L G , and Walters, Waltman Diseases of the Liver’ 
III, A Comparative Study of Certain Tests for Hepatic Function in Patcints with 
Obstructive Jaundice, ibid 36 418 (Sept ) 1925 
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GROUP 1 METASTATIC CARCINOMA OF THE LIVER ASSOCIATED 

WITH FRAI^K JAUNDICE 

In the presence of demonstrated carcinoma elsewhere, jaundice, 
when present, ordinal ily constitutes incontrovertible evidence of involve- 
ment of the liver oi the biliary tract Usually it is evidence of obstruc- 
tion of the extrahepatic biliary passages, although not necessarily so 
Table 1 shows the findings with the different tests for hepatic efficiency 
m a series of fourteen cases of malignant disease of the liver associated 
with frank jaundice 

Only those positive findings on which conclusions are based are 
included in the cases reported The phenoltetrachlorphthalein reading 
IS recoided as for the end of the first hour only Complete findings 
are included m the tables Details of the surgical procedures are not 
given since the patients were regularly prepared according to Walters’ 
method 

Case 1 (Table 1) — Carcinoma of the tail of the paiicieas ivith metastasis to 
the hvci, and jaundice zmthont obsti iiction to the biliary passages 

A man, aged 58, came to the Mayo Chnic, Nov 17, 1924, because of marked 
loss of weight and extreme jaundice of four weeks’ duration In August, 1924, 
he had first noticed a dull pain localized m the right epigastrium, which was 
accompanied by nausea and relieved by vomiting He had had two or three attacks 
of pain, which was never severe or colicky Jaundice had developed four weeks 
before admission, it fluctuated in intensity at the onset The stools were light 
and the urine dark Moderate pruritus was present Jaundice, constipation, weak- 
ness, malaise, dyspnea, anorexia and nausea were increasingly evident During 
this period he lost 52 pounds (23 6 kg ) although he still weighed 254 pounds 
(115 2 kg) 

The liver was enlarged and tender, extending 6 cm below the costal margin 
The surface was smooth and the edge sharp Fluoroscopic examination of the 
stomach showed an extragastric mass No glandular enlargement was found 
The urine contained much bile and a trace of albumin The serum bilirubin was 
71 3 mg Retention of phenoltetrachlorphthalein was extreme, the one hour read- 
ing being 51 per cent The patient failed rapidly and progressively Hematemesis 
appeared November 25, and he became comatose The blood urea became elevated 
to 68 mg two days fiefore death, November 27 

At necropsy, carcinoma of the tail of the pancreas with extensive metastatic 
involvement of the liver, kidneys and lungs was found, but curiously enough there 
was no mechanical obstruction to the extrahepatic biliary passages This case is 
of unusual interest m showing the possibility of the development of an extreme 
degree of jaundice in the absence of demonstrable obstruction to the extrahepatic 
biliary passages 

Case 3 (Table 1) — Piimaiy carcinoma of the bile ducts zvith involvement of 
the livct and obsti active jaundice 

A man, aged 60, came to the Mayo Clinic, May 6, 1924, because of attacks of 
abdominal pain and of jaundice of one month’s duration For the preceding year 
he had suffered from epigastric fulness and distress after meals One month 
before admission and following a rough automobile ride, he had an attack of 
severe, disabling pain in the upper part of the abdomen, accompanied by nausea 
and followed by soreness along the right costal margin He subsequently liad 
four or five similar attacks, each of approximately five minutes’ duration Jaundice 
appeared after the second of these attacks 

He had lost 15 pounds (6 8 kg ) during the three weeks preceding his admission 
klarked jaundice was present The liver edge was palpable 4 cm below the costal 
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margin and a rounded mass, approximately 10 cm m diameter, was felt below the 
liver edge There was a suggestion of free fluid in the abdomen Urinalysis 
revealed bile 3, but no albumin or casts The scrum bilirubin was 43^ mg There 
was marked retention of phenoltetrachlorphthalein, with a reading of 33 per cent 
During the twelve days the patient was in the hospital, the jaundice decreased 
from 4 to 2 Bile appeared in the stools m small amounts at this time June 11 
the serum bilirubin was 26 5 mg The phenoltetrachlorphthalein reading was 26 
per cent 

At operation, June 18, an inoperable carcinoma, evidently primary in the bile 
ducts, was encountered There was marked involvement of the liver and of the 
hepatic, common and cystic ducts The gallbladder was large and distended, but 
was not opened 

The similarity between the history and the symptoms in this case to 
those in cases of stone is marked, and a clinical diagnosis of obstructive 
jaundice due to stone in the common duct was niade While the patient 
was under observation, the jaundice decreased and a small amount of 
bile was present in the stool A similar decrease in the degree of jaun- 
dice while the patient was under observation was seen m Case 5 It is 
evident that such changes cannot be interpreted as pathognomonic of 
obstruction due to stone This case is also of interest because of the 
similarity between the fall m the serum bilirubin and the degree of 
dye retention which accompanied the temporary appearance of bile in 
the stool on the one hand, and the improvement seen m cases of obstruc- 
tive jaundice following the operative relief of the obstruction on the 
other This illustrates the preponderant effect of the jaundice and bile 
retention on the functional findings in the cases of carcinoma with 
obstruction to the biliary passages 

Case 6 (Table 1) — Cat cinema of the head of the panctcas with involvement 
of the liver and obsti active jaundice 

A man, aged 34, was admitted to the Mayo Clinic, August 6, 1924, because of 
painless jaundice of ten weeks’ duration There was a history of a questionable 
chancre fifteen years before, but the Wassermann reaction was negative For 
three months previous to the onset of the jaundice, the patient had been drinking 
excessively Two days before, he noticed that the urine was dark and the stools 
light The stools later became clay colored He consulted a physician who gave 
him three injections of neoarsphenamin without the jaundice being affected Bile 
was obtained by duodenal drainage at that time 

The patient’s weight on admission was 116 pounds (52 6 kg), representing a 
loss of 30 pounds (13 6 kg) in three months, and extreme jaundice was present 
There were no palpable lymph nodes The liver was enlarged, the edge being 
palpable at the level of the umbilicus , the edge was sharp and the surface smooth 
No nodules were felt The gallbladder and spleen were not palpable The urine 
contained albumin, casts and bile The stools were clay colored, and tests for bile 
were negative The guaiac test for blood in the stools was occasionally positive 
The serum bilirubin was 36 4 and there was marked retention of phenoltetrachlor- 
phthalein, the reading being 24 per cent Duodenal drainage was attempted on 
three occasions , there was no return of bile though traces of blood were obtained 

The patient was kept under observation for ten da>s, during which time the 
pulse and temperature were normal Thereafter the course was strikingly febrile, 
wnth repeated chills and a temperature varying between 102 and 104 degrees The 
anemia increased rapidlj, the hemoglobin falling to 35 per cent A transfusion 
was given without tenefit The stool remained acholic, but the serum bilirubin 
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decreased to 16 2 mg and the jaundice decreased to a corresponding degree The 
toxemia, however, increased and during the last week the blood urea became 
elevated, reaching a level of over 200 mg the day before death, September 9 
During the last three days of life, a mass became palpable below the liver edge 
and was believed to be the gallbladder, but operation was not considered At 
necropsy carcinoma of the head of the pancreas with obstruction of the common 
bile duct, metastasis to the liver and biliary cirrhosis were found 

This case presented many angles from the standpoint of diagnosis 
which was definitely made only at necropsy The history is given in 
detail to emphasize the extreme difficulty of differential diagnosis in 
many of these cases Catarrhal jaundice was first considered but did 
not account for the duration and intensity of the jaundice The appear- 
ance of chills and fever with a moderate leukocytosis suggested the 
presence of cholangeitis The possibility of cirrhosis was emphasized 
by the history of alcoholism There was a questionable history of syphi- 
lis, but the negative Wassermann reaction and the lack of response to 
antisyphihtic treatment justified its exclusion The extreme prostration 
and toxemia in the later stages of the disease resembled acute yellow 
atrophy Carcinoma was considered, but in view of the patient’s age 
and the absence of a demonstrable primary growth or of metastatic 
lesions It was thought to be unlikely The final clinical diagnosis was 
obstructive jaundice with probable hepatitis, cirrhosis and cholangeitis 
In this instance the laboratory findings were of no aid in differential 
diagnosis, for the high serum bilirubin and marked dye retention were 
not to be differentiated from those seen in obstructive jaundice due to 
stone or stricture of the common duct 

GROUP 2 METASTATIC CARCINOMA OF THE LIVER WITHOUT 

JAUNDICE 

Rolleston ® reports that in a series of cases of secondary malignant 
disease of the liver, the primary carcinoma in over 75 per cent was 
situated in the stomach, colon, esophagus, pancreas or gallbladder In 
the absence of obstruction to the bile duct, jaundice is uncommon and 
the clinical diagnosis of hepatic involvement by the malignant process 
IS dependent largely on rapid and progressive enlargement, and particu- 
larly nodular enlargement, of the liver Table 2 shows the changes in 
a senes of eighteen cases of this type In this group the laboratory tests 
are of the greatest clinical value 

Case IS (Table 2) — Caratwma of the j ectum with metastatic nodules m the 
liver 

A man, aged 73, was admitted to the Mayo Clinic, April 28, 1924, because of 
diarrhea and rectal pain of one year’s duration Slight bleeding had been observed 
for three or four months 


6 Rolleston, H D Diseases of the Liver, Gallbladder and Bile Ducts, 
Ed 2, London, Macmillan Company, 1924 
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His weight on admission was 153 pounds (69 4 kg ) , representing a loss of 
17 pounds (7 7 kg) in about four months There was no jaundice, and no 
abdominal masses or tenderness were present The liver was not palpable A 
mass could be felt m the rectum, and on proctoscopic examination a large, fixed, 
partially obstructive lesion of the upper rectum and lower sigmoid was found 
The serum bilirubin was 2 8 There was moderate retention of phenoltetrachlor- 
phthalein with a reading of 17 per cent 

At operation a large carcinoma of the rectum was found No definite local 
glandular involvement could be demonstrated, but there was extensive involvement 
of the liver with a large metastatic nodule on tlie superior anterior surface of the 
right lobe On account of the obstruction a permanent colostomy was made 

In this case the constitutional symptoms were those of carcinoma, but there 
were no local signs to suggest invasion of the liver The laboratory findings of 
a moderate dye retention and slight bilirubinemia suggested the extensive meta- 
static involvement of the liver revealed by operation 

Case 16 (Table 2) — Cai cinoma of the gallbladdct with mvasion of the hvei 

A woman, aged 46, came to the Mayo Clinic, June 4, 1924, because of recurring 
attacks of pain under the right costal margin, accompanied by fever of eight 
months’ duration She had had typhoid fever in 1915 In November, 1923, she 
had an attack of severe pain in the right upper quadrant radiating to the lower 
abdomen She was in bed for two or three days, during which time an egg-shaped 
mass was observed below the costal margin The mass was continuously present 
after January, 1924, and the liver edge likewise became palpable In May the 
liver was definitely enlarged, daily fever up to 102 degrees was observed, and 
the patient became much weaker and complained of a feeling of epigastric weight 
and discomfort after eating 

On admission the patient was very weak and emaciated She weighed 106 
pounds (48 1 kg ) , having lost 20 pounds (9 kg ) during the last two months 
There was no jaundice The liver edge was felt 8 cm below the costal margin, 
while a rounded mass extended 6 cm below the liver margin No glandular 
enlargement or palpable evidence of metastasis was found The urine was normal 
except for the presence of a trace of bile A test of the stool for bile was nega- 
tive The serum bilirubin was 1 6 mg There was moderate retention of phenol- 
tetrachlorphthalein, as the reading was 17 per cent The patient was under 
observation ten days, during which time the temperature was irregularly elevated 
to a maximum of 102 degrees 

At operation, July 2, gallstones, carcinoma of the gallbladder and multiple 
metastatic nodules in the liver were found It seemed likely that the fever was 
produced by infection in the gallbladder, but the extensive invasion of the liver 
and the weakened condition of the patient precluded further operative inter- 
vention The pathologic diagnosis of a specimen removed from the Iner was 
adenocarcinoma 

In this case the symptoms were preponderantly those of cholelithiasis with 
added infection The laboratory tests, however, showed the presence of definite 
dye retention 

Case 17 (Table 2) — Multiple tuviois of the hvei 

A woman, aged 42, was admitted to the Mayo Clinic, Dec 6, 1924, because 
of a progressively increasing epigastric mass which she had noticed two months 
before It was not painful although she had a certain sense of epigastric 
weight and discomfort She had lost IS pounds (68 kg) because of voluntary 
dietary restriction although there was no definite food intolerance 

She was sallow but not icteric in appearance The liver was greatlj' 
enlarged There was a firm projecting mas’; in the right epigastrium, which 
appeared to be fiom 8 to 10 cm in diameter Smaller nodules were felt o\er 
the remainder of the surface of the liver, and there was a tumor m the pelvis 8 
cm in diameter There was no enlargement of the superficial lymph nodes 
and a roentgenogram of the chest did not show metastatic in\asion The urine 
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contained albumin 3, but no bile The serum bilirubin was 0 9 mg There 
was moderate retention of phenoltetrachlorphthalein with a reading of 8 
per cent 

An exploratory laparotomy was performed, December 17 There was one 
large, rounded solid tumor in the right lobe of the liver and several smaller 
tumors It did not seem wise to remove a portion of the tumor for histologic 
examination, but the gross appeal ance was that of a sarcoma rather than that of 
a carcinoma No primary source of the growth could be found in the abdomen 
The pelvic mass was a dermoid of the left ovary 

The short history and the large nodular liver led to the clinical diagnosis 
of probable tumor of the liver The moderate degree of dye retention furnished 
additional evidence in support of this diagnosis, which was confirmed by the 
findings at operation 

Case 21 (Table 2) — Caicinoma of the stomach ivtth dvect extension to the 
liver 

A man, aged 48, was admitted, Dec 8, 1924, because of stomach trouble of 
eighteen months’ duration Obstructive symptoms associated with progressive 
loss of 40 pounds (181 kg) in weight, weakness and anemia developed 

The patient was anemic and cachectic in appearance There was no jaundice, 
and the superficial lymph nodes were not enlarged The liver was not palpable 
but there was a firm, fixed, nodular mass, apparently confluent with the stomach, 
in the left epigastrium Gastric analysis revealed marked retention with a 
fasting content of 1,020 c c The total acidity of this fluid was 60 and of the 
free acids 0 Roentgenograms showed an obstructing lesion in the stomach 
The serum bilirubin was 02 There was no retention of phenoltetrachlor- 
phthalein , the reading was 4 per cent 

At operation a carcinoma of the stomach was found with extensive involve- 
ment of the adjoining lymph nodes The carcinoma had perforated against the 
liver, extending locally into its substance Resection of the entire growth was 
not possible 

There were no direct clinical evidences of hepatic involvement in this case, 
and the laboratory tests were negative The carcinoma had invaded the liver 
by direct extension rather than by the blood or lymph stream It is probable 
that the invasion was strictly localized and much less extensive than usual, 
this might explain the negative laboratory findings 

Case 24 (Table 2) — Cai cinoma of the descending colon with metastatic 
nodules m the hvei 

A man, aged 36, was admitted to the Mayo Clinic, Oct 20, 1924, because of 
constipation and left sided abdominal pain of ten months’ duration Blood clots 
had been passed by bowel on two or three occasions 

The patient was cachectic m appearance His weight was 117 pounds 
(531 kg), representing a loss of 43 pounds (19 5 kg) in ten months There 
was an enlarged gland in the right supraclavicular fossa The liver edge was just 
palpable at the costal margin Roentgenograms of the colon revealed a filling 
defect in the upper portion of the descending colon near the splenic flexure 
The serum bilirubin was 1 mg There was no retention of phenoltetrachlor- 
phthalein , the reading was 2 per cent 

The supraclavicular gland was removed for examination and found to be 
inflammatory At exploratory laparotomy a carcinoma of the descending colon 
was found, the glands along the spine were involved, and large and small 
carcinomatous nodules were present in the liver Because of the extensive 
metastasis removal of the primary growth was not possible 

The patient’s constitutional symptoms were those of neoplastic disease, but 
there were no direct clinical signs to indicate metastasis, and the laboratory 
findings were negative There was neither bilirubinemia nor dye retention 
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Case 26 (Table 2) — Carcinoma of the liver of unknown ongin 
A man, aged 70, was admitted to the Mayo Clinic, Nov 1, 1924, because of 
dull epigastric pain of three months’ duration The pain usually came on one 
hour after eating, was confined to the epigastric and umbilical regions, and was 
not severe Food or a bowel movement gave temporary relief He had lost 
about 25 pounds (113 kg) during the preceding three months There was no 
jaundice 

There was no enlargement of the superficial lymph nodes The liver was 
not palpable The urine contained a trace of albumin Roentgenograms of the 
stomach, colon and intestines failed to reveal any source of malignant disease 
While the patient was under observation in the hospital, a mass became palpable 
in the epigastrium It rapidly increased in si/e until it could readily be 
identified as the liver November 21, there was marked retention of phcnol- 
tctrachlorphthalein with a reading of 28 per cent The liver now extended to 
the umbilicus, and appeared to be nodular Surgical intervention was not 
indicated 

The clinical diagnosis was carcinoma of the liver, although the primary 
focus was not identified The laboratory studies demonstrated marked dye 
retention, a finding in complete accord with the clinical diagnosis 

GROUP 3 INTRA ABDOMINAL CARCINOMA WITIIOUl DPMONSTRABLE 
INVOLVEMENT OF IIIE LIVER 

As a control of the cases reported in Tables 1 and 2, a senes of 
seventeen cases of carcinoma of the stomach or colon without demon- 
strable involvement of the liver is presented (Table 3) In these cases 
the surgeon found the liver normal at the time of operation, which 
does not entirely exclude the presence of carcinomatous nodules since 
they may be either completely buned within the substance of the liver 
or, if external, so situated as not to be apparent at the time of operation 
In either case, the degree of hepatic involvement would presumably 
be small Three of the cases show a departure from the normal by the 
laboratory tests 

Case 33 (Tabic 3) — Caicinoma of the ascending colon 
A man, aged 41, was admitted to the Mayo Clinic, June 6, 1924, because of 
attacks of colicky epigastric pain of nine months’ duration A month before admis- 
sion he began to suffer from diarrhea, and clotted blood was observed in the 
stools He had lost 30 pounds (13 6 kg), and anemia became progressively more 
marked during the course of his illness 

He was weak and anemic in appearance There was no jaundice and the 
liver was not palpable, but there was a poorly defined tender mass in the cecal 
area extending upward toward the costal margin The superficial glands were 
not enlarged Roentgenograms of the colon showed a filling defect in the 
ascending colon The serum bilirubin was 1 9 mg There was moderate rctenrion 
of phcnoltetrachlorphthalein with a reading of 10 per cent 

At operation a carcinoma of the posterior wall of the ascending colon which 
involved the cecal edge of the ileocecal valve was removed There was local 
glandular involvement, but there were no visible evidences of invasion of the 
liver The growth was removed, the patient recovered without complication, 
and his present condition is satisfactory 

Case 34 (Table 3) — Malignant rectal polyp 

A physician, aged 47, was admitted to the Mayo Clinic, Nov 15, 1924, 
because of blood in the stools In 1909 varicose veins had been removed under 
chloroform anesthesia , following the operation he was jaundiced for several 
days but recovered complctelj Blood had been noted in the stool six months 
before admission 
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The patient was obese, weighing 243 pounds (1102 kg) There was no 
jaundice The edge of the liver was palpable at the costal margin and was 
sharp There were no superficial glandular enlargements Proctoscopic exami- 
nation revealed a large rectal polyp The serum bilirubin was 2 2 mg The dye 
reading of 7 per cent indicated a slight ^ retention of phenoltetrachlorphthalem 
At operation a carcinomatous polyp of the rectum was removed through a 
Kraske incision There was no local glandular involvement Direct examina- 
tion of the liver was not possible 

In this case there was slight dye retention and bilirubmemia suggestive of 
hepatic disturbance The rectal polyp was malignant, but there was no local 
evidence of extension of the growth It is likely that the patient’s jaundice in 
1909, following chloroform anesthesia, had initiated changes which were respon- 
sible for the functional disturbances, although the patient had been symptomless 
since then On the other hand, invasion of the liver cannot be ruled out 

Case 42 (Table 3 ) — Cat ctuoma of the stomach, secondaiy anemia 
A man aged 47, was admitted to the Mayo Clinic, Nov 2, 1923 In February 
he had begun to have sharp abdominal pains shortly after eating The liver and 
spleen were not palpable The gastric acidity was normal, but old blood was 
present in the specimen Roentgenograms disclosed carcinoma of^the stomach 
high on the posterior wall The phenoltetrachlorphthalem reading was 4 
per cent at the end of an hour At exploration extensive local glandular 
imolvement was found and the carcinoma was not removed There was no 
evidence of involvement of the liver 

Case 48 (Table 3) — Cai cmoma of the stomach 

A man, aged 59, was admitted to the Mayo Clinic, Oct 24, 1923 Six months 
before he had begun to have dull abdommal pain from one to two hours after 
eating, and he had lost weight and strength, progressively Retention vomiting 
had begun about a week before admission 
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HemarlvS 

Caicinoma of ascending colon, local gland 
iilar involvement 
Carcinomatous polyp of rectum 
Carcinoma of stomadi, inoperable, local 
glandular involvement 
Carcinoma of cecum 

Colloid carcinoma of stomach, peritoneal 
metastasis 

Carcinoma of stomach, operable, no glandu- 
lar involvement 

Carcinomatous tumor of epigastrium 
Carcinomatous ulcer of stomach, no glan 
dular involvement 

Carcinoma of stomach, marked glandular 
involvement 

Carcinoma of stomach, inoperable 
Carcinoma of stomach, slight local glandu 
lar involvement 
Tumor of stomach 

Oarcinomatous ulcer of stomach, no glandu- 
lar involvement 

Carcinoma of pylorus, no i,iandul ir in 
volvemcnt 

Carcinoma of rectosigmoid 
Carcinomatous gastric ulcer 
Carcinoma of stomach 


On examination the patient was emaciated, he had lost 40 pounds (181 kg ) 
and was weak The liver could not be palpated but there was a movable mass 
in the right upper abdominal quadrant A test meal revealed a twelve-hour 
gastric retention of 1,150 c c , and carcinoma at the pylorus was evident in the 
roentgenograms The phenoltetrachlorphthalem reading was 2 per cent 

At operation a freely movable carcinomatous gastric ulcer involving the 
pyloric end of the stomach was found There was no evidence of metastasis 
A partial gastrectomy of the posterior Polj'a type was performed The post' 
operative recovery was excellent 

INDIVIDUAL TESTS 

Fluctose Tolerance — It has been reported that a loweied tolerance 
for carboh5'd rates accompanies many cases of carcinoma Friedenwald 
and Glove ^ have recently leviewed the literature on this subject and 
found an apparently constant lowering of the glucose tolerance in a 
small series of cases of gastro-mtestinal carcinoma Kell> on the other 
hand, did not find significant changes in the glucose tolerance in his 
series of cases The blood sugar in normal persons is less ele\ated 
following the ingestion of fructose than it is after the ingestion of an 
equal amount of glucose A reduction m the fructose tolerance has 

7 Fnedenwald, J , and Grove, G H The Blood Sugar Tolerance Test 
as an Aid m the Diagnosis of Gastro-Intestinal Cancer, Tr A Am Pins 35 97, 
1920 

8 Kelly, T C Blood Sugar Retention in Carcinoma, Am J M Sc 
169 216 (Feb ) 1925 
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been assumed, but not proved, to be a specific index to disturbances m 
the glycogenic activity of the liver 

In our series the fructose tolerance was definitely diminished in 
three cases and suggestively lowered in three, m a total of eight tests 
on patients with carcinoma involving the liver and associated with 
jaundice Clinical diabetes also was present in two of the cases, show- 
ing a reduced carbohydrate tolerance Tests were made on three 
patients with carcinoma involving the liver without jaundice, the fruc- 
tose tolerance was reduced in one In those patients with carcinoma 
without proved metastasis to the liver there were two with a lowered 
fructose tolerance in a total of eight Because of the irregularity 
with which positive tests were secured and the frequent association of 
pancreatic disease and clinical diabetes with the disturbance of the liver 
m this series of cases, we question the clinical value of the fructose 
tolerance test as a specific clinical index to the functional efficiency 
of the liver 

Blood Sugar Level — Fnedenwald and Grove report an increase in 
the fasting blood sugar level in the cases of carcinoma studied by them 
They also quote previous workers who made similar observations In 
our series of cases, there was no significant elevation of the fasting 
blood sugar above the normal A high reading, 176 mg per cent , 
was obtained in only one instance, and in that case there were clinical 
evidences of diabetes secondary to a carcinoma of the head of the 
pancreas 

NiUogen PatUhon of the Blood — ^There were no changes in the 
nonprotem nitrogen of the blood that could be attributed directly to 
the carcinomatous process In five cases the blood urea was greater 
than 50 mg In one case (Case 18, Table 2), there was an associated 
pyelonephritis and a terminal increase in the blood urea from 70 to 466 
mg In another (Case 6, Table 1), an increase in the blood urea from 20 
to 200 mg was associated with the development of a fatal toxemia, and 
was not affected by the intravenous administration of glucose Three 
of the patients with carcinoma had a blood urea level of 50 mg or 
more on admission In all, however, this was associated with partial 
intestinal or pyloric obstruction with consequent dehydration, and the 
blood urea promptly returned to normal following the administration 
of an adequate amount of sodium chlorid solution The general level 
of the blood urea was perhaps slightly lower in those cases with jaun- 
dice, 25 5 mg , than in Groups 2 and 3, from 29 3 to 36 4 mg , although 
all were within the lower limits of normal The changes, however, were 
not sufficient to be of clinical significance in any individual case 
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Notewolthy changes were not observed in the other nonprotein 
nitrogenous constituents of the blood studied The total nonprotein 
nitrogen, uric acid, creatimn ammonitrogen all came within the limits 
of normal 

B^le Pigments — ^The cases were arbitrarily grouped according to the 
presence or absence of clinical jaundice When icterus was manifest the 
serum bilirubin was uniformly increased, the highest reading being 
71 6 mg (Table 1) In all these cases the icterus index was increased 
and the direct van den Bergli reaction was obtained, the findings being 
entirely comparable to those m the series of cases of obstructive jaun- 
dice previously reported 



Carcinoma, of the liver Carcinoma of the liver. Carcinoma, no involvement 
with jaundice without jaundice of the liver 


Fig 1 — ^Variation m the serum bilirubin in the different types of carcinoma 
studied The maximal normal level is indicated, and in each group the average 
value IS shown by the horizontal line 

Normal values for the serum bilirubin were obtained in the third 
group of carcinoma cases, those without evident metastatic involvement 
of the liver Latent icterus was demonstrable in three of the eighteen 
cases of carcinoma with metastatic involvement of the Iner reported 
m Table 2 In one the serum bilirubin was 5 6 mg and the direct 
van den Bergh reaction was obtained The skin and sclerotics of this 
patient had a subicteric tint In the other two patients, clinical evi- 
dences of jaundice were wanting The serum biliiubm readings were 
normal in the other cases of this group 

Phenol fetrachlorphflialein — We have previously shown the con- 
sistent occurrence of a marked retention of phenoltetrachlorphthalein 
both in patients with obstructive jaundice and in animals following 
ligation of the common bile duct In such cases the bile retention 
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apparently conditions the dye retention The results of the test in 
patients with carcinomatous involvement of the liver and jaundice were 
similar to those in obstructive jaundice of any origin Retention of 
dye in the blood stream was marked In this series of cases, the 
maximal reading in the one-hour sample was 51 per cent and all the 
cases showed a reading of 20 per cent or over' This is in marked 
contrast to the maximal normal reading of 3 per cent 

The second group of cases is more striking even than the first. 
In a large proportion of these cases (eleven out of eighteen) with 
metastasis to the liver, there was definite retention of phenoltetrachlor- 
phthalein even in the absence of bile retention, as shown by the values 
for the serum bilirubin (Table 2) The degree of dye retention was 
unquestioned, although less striking than that observed in the jaundiced 
cases The maximal reading in the one-hour specimen was 28 per cent 
A questionable degree of dye retention was observed in two However, 
a normal response was obtained in five of the cases 

The determination of the minimal degree of dye retention that is of 
clinical significance is important in evaluating the phenoltetrachlor- 
phthalein test in a study such as this Rosenthal gives the normal read- 
ings for phenoltetrachlorphthalein as 7 per cent at fifteen minutes, 
3 per cent at one hour, and none at two hours These represent maxi- 
mal figures in normal persons There is considerable variation in hos- 
pital cases, and numerous cases are seen in which the readings are 
slightly higher without there being definite clinical evidence of hepatic 
disease We believe that readings of at least 10 per cent at fifteen min- 
utes, 5 per cent at one hour, and 3 per cent at two hours, are required 
before they can be considered significant of hepatic disturbance Lesser 
degrees of dye retention are of questionable sigmficance 

Of the seventeen cases of carcinoma without demonstrable metas- 
tasis to the liver, three showed slight dye retention and two others 
showed questionable retention, in the other twelve elimination curves 
were normal In none of these cases did the urine specimen contain 
more than 1 mg of phenoltetrachlorphthalein without there being at the 
same time definite retention of dye in the blood stream 

COMMENT 

In order properly to evaluate the clinical usefulness of laboratory 
tests in the demonstration of carcinomatous invasion of the liver, a clear 
understanding is necessary both of the physiologic activity of the liver 
and of the pathologic processes concerned in the spread of a malignant 
tumor Carcinoma, m general, spreads along lymphatic channels, first 
involving the adjacent lymph nodes These may be so situated as to 
permit of complete surgical removal, although this is often impossible 
The liver may be affected by direct extension, as from carcinoma of 
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the gallbladder or stomach, or through lymphatic or vascular channels 
The secondary lesions may be single or multiple, and may vary in size 
from microscopic aggregations of growing tumor cells to huge masses 
that replace or destroy the normal structure of the organ In the one 
instance the most careful pathologic examination may be necessary to 
find evidence of the invasion of the liver, while in another the clinical 
diagnosis may be unmistakable 

Many observers have emphasized the large functional reserve or 
margin of safety of the liver Experimentally, we have found that 
when chloroform is injected mtraportally, according to the method of 
Schultz, Hall and Baker,® it produces multiple areas of necrosis m the 
liver without affecting the remainder of the organ In such animals, 
tests may show normal function On the other hand, prolonged chloro- 
form anesthesia or the intramuscular injection of chloroform produces 
uniform parenchymal changes throughout the liver Marked functional 
disturbances may readily be demonstrated in these animals 

Similar factors may undoubtedly determine the effect of malignant 
invasion of the liver Apart from obstruction to the biliary passages 
and the production of jaundice, the degree of damage produced by the 
malignant process will depend, more or less quantitatively, on the extent 
of the destruction of hepatic tissue Until there is some infringement 
of the normal reserve, functional disturbance cannot be expected 

Robertson has emphasized the possibility that tumors in the liver, 
perhaps through interference with the vascular supply, may produce 
degenerative changes in the parenchymal tissue over an area quite 
disproportionate to the size of the metastatic nodule It is apparent, 
therefore, that while a normal response to a laboratory test will not 
wholly exclude the possibility of malignant disease, a positive test may 
be of great value in indicating the presence of hepatic involvement 

In the first group of cases (carcinoma with manifest jaundice), the 
functional changes were characteristic and definite These changes 
are identical with those observed in the cases of obstructive jaundice 
previously reported No distinction is possible on the basis of the labo- 
ratory tests between cases of obstructive jaundice due to carcinoma 
of the head of the pancreas and the present cases of carcinomatous 
involvement of the liver with jaundice The differential diagnosis may 
be extremely difficult in cases of complete biliary obstruction As in 
Cases 3 and 5 (Table 1) fluctuations in the degree of jaundice from 
time to time and the intermittent appearance of bile in the stools do 
not wholly exclude the possibility of carcinoma, although they are more 

9 Schultz, Z W Hall, E M, and Baker, H V Repair of the Liver 
Following the Injection of Chloroform into the Portal Sjstem, T M Res 
44 207-230 (Dec ) 1923 

10 Robertson, H E Personal communication to the author 
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frequently nssoemted with obstruction due to stone The effects of the 
bile retention dominate the laboratory findings, and while the evidence 
of hepatic disturbance is definite, the tests do not distinguish between the 
different etiologic agents possibly concerned The laboratory tests 
are of value, however, in furnishing quantitative evidence of the extent 
of the changes produced by the jaundice The serum bilirubin is of 
particular value in that it furnishes a much more sensitive and accurate 
index to the degiee of bile retention than does any clinical impression 
regarding the color of the skm or conjunctivae Particularly when the 
obstruction to the biliary passages is of neoplastic origin may the clinical 
evidences of malignancy be lacking In the absence of such evidence. 





Fig 2 — ^Variations in the degree of phenoltetrachlorphthalein retention in 
the different types of carcinoma studied The maximal value level is indicated, 
and in each group the average value is shown by the horizontal line 


the exact diagnosis is obtained only at operation or necropsy It is 
in just such cases that some reliable test indicating the presence of car- 
cinoma somewhere within the body would be of inestimable value 
In the absence of jaundice, the clinical diagnosis of invasion of the 
liver by a malignant process is largely dependent on the demonstration 
of enlargement of the liver or of nodules over its surface These signs 
are often lacking and the clinical diagnosis is impossible In the major- 
ity of the cases of this type, as shown m Table 2, the phenoltetrachlor- 
phthalein test shows moderate retention of the dye, which we believe 
to be especially significant In the presence of clinical evidence of 
hepatic involvement it is pathognomonic If the liver is not palpable 
and carcinoma can be demonstrated elsewhere, the possibility of hepatic 
involvement must be seriously considered In a few of these cases. 
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an increase m the serum bilirubin or latent jaundice was demonstrated 
This finding affords valuable confirmatory evidence of the hepatic 
involvement shown by the phenoltetrachlorphthalein test As we have 
pointed out, a negative test does not exclude hepatic damage, but in 
several of the cases the phenoltetrachlorphthalein test furnished the 
only evidence of metastasis to the liver It is in such cases that func- 
tional tests assume their greatest significance, since they affect clinical 
judgment in regard to diagnosis, prognosis and treatment 

Normal responses to the different tests were obtained m practically 
all of the cases of carcinoma without apparent involvement of the liver 
One patient with a history of jaundice following chloroform anesthesia 
showed slight dye retention , this serves to emphasize the necessity of 
excluding other forms of hepatic injury before concluding that positive 
tests truly indicate malignant disease of the liver Similarly, toxic influ- 
ences may explain the results in the other three cases in which there 
was slight delay in the removal of phenoltetrachlorphthalein from the 
blood stream It is also possible that in these cases the dye retention 
was evidence of metastatic involvement of the liver that was not visible 
to the surgeon If so, this would further emphasize the value of 
the phenoltetrachlorphthalein test 

CONCLUSIONS 

The detei mination of the serum bilirubin and the phenoltetrachlor- 
phthalein test promise to be of very definite assistance in the study of 
patients with abdominal carcinoma and suspected malignant disease of 
the liver, although the greatei number of the other tests for hepatic 
function studied fail to show significant changes or sufficiently specific 
changes to be of any great clinical value 

When extension of the malignant process to the liver is accompanied 
by jaundice, as from obstruction of the extrahepatic bile passages, it is 
direct evidence of a disturbance in the normal physiologic activity of the 
liver In such cases functional tests and the determination of the serum 
bilirubin are of value m that they furnish a sensitive and quantitative 
means of studying the effects of the jaundice The tests are of less 
value m differential diagnosis, for the jaundice dominates both the clin- 
ical picture and the laboratory findings The jaundice associated with 
malignant disease in the liver is not to be differentiated by these tests 
from obstructive jaundice from any cause 

It IS in the study of patients with carcinoma involving the liver 
without jaundice that functional tests are of greatest value, particularly 
the phenoltetrachlorphthalein test In the cases in which there was 
clinical evidence of malignant disease of the liver, confirmatorj' results 
were obtained by functional studies In the absence of clinical evidence 
of hepatic in\olvement, the phenoltetrachlorphthalein test may furnish 
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the only evidence of the existence of metastatic nodules in the liver. 
Positive tests are not obtained in all cases of metastatic involvement of 
the liver, for positive tests are a measure of the interference with the 
activity of the liver as a whole, and the latter is an organ with a large 
margin of safety For this reason, however, positive tests when 
obtained become doubly significant 

There are defimte limitations to the use of functional tests in the 
study of hepatic disturbances, and m our experience the extreme diffi- 
culty attending the early clinical recognition of malignant involvement 
of the liver and biliary passage was again manifest We believe that 
the serum bilirubm and the phenoltetrachlorphthalein tests are of clin- 
ical value in the early diagnosis of carcinoma of the liver and biliary 
tract 
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The body weight is undoubtedly one of our most valuable indexes 
of nutrition and indicates clearly, when determined over a long period, 
the balance between the energy supplied to the bod} in the form of 
food and the total eneigy expended as heat and muscular movements 
As exophthalmic goiter is one of the few conditions in which the basal 
metabolism is characteristically elevated, the relation between the food 
intake, energy expenditure and body weight in this disease should be of 
considerable interest It is well known that every normal individual 
expends a definite amount of energy depending on sex, age, height, 
weight, food intake and muscular activity To provide for this an equal 
number of calories in the form of food must be ingested or the indi- 
vidual will consume his own tissues and a loss in body weight will 
follow If a quantity of food in excess of the energy requirement is 
eaten, the surplus calories will be stored in the body chiefly in the 
form of fat and carbohydrate, and there will therefore be a gain in body 
weight In a normal person, a diet that is inadequate in calories first 
results m a loss of body weight Following this there is a drop in the 
basal metabolism or energy requirement In other words a normal 
person, within certain limits, can adjust his colonc production to meet 
his caloiic intake in the form of food For example, Benedict^ reports 
a group of noiinal young men who consumed from 3,200 to 3,600 
calories daily while leading an active life Their diet was reduced until 
the body weight loss averaged 12 per cent At this level their basal 
energy requirement had diminished 18 per cent and these men could 
then maintain their body weight on an average of 1,950 calories daily 
Joslin ^ has calculated that, in normal persons, for each 1 per cent loss 
in weight there is a percentage decrease in the metabolism of 1 8 The 
fall in the basal metabolism with the undernutntion may be regarded 
as an attempt to prevent further loss of weight b} lowering the total 
energ)’^ expenditure 

=*'From the medical clinic of the Peter Bent Brigham Hospital 

1 Benedict, F G Metabolism During Starvation and Undernutntion, 
New York M J 115 249 (March) 1922 

2 Joslin, E P Diabetic Metabolism with High and Low Diets, Carnegie 
Institution of W ashington Publication No 323, 1923, p 72 
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The basal energy requirement, that is, the amount of energy 
expended by a person at complete rest m bed is easily calculated from 
the Aub and DuBois ® standards For example, a man, aged 35, height 
176 cm and weight 75 kg , requires approximately 1,800 calories To 
this should be added 10 per cent, or 180 calories, for the specific 
dynamic action of food If the person is up and about and pursuing 
an occupation that involves a moderate amount of muscular exertion, an 
addition of 50 per cent of his basal caloric requirement should be added 
The total number of calories required by such a person per twenty-four 
hours IS, therefore, 2,880 This coincides roughly with numerous 
observations on the amount of food eaten by normal persons under these 
conditions 

The foregoing considerations are preliminary to a discussion of the 
metabolism or energy requirement in exophthalmic goiter and its rela- 
tion to the food consumption and body weight in this condition If we 
consider the example previously cited of a man, aged 35, height 176 
cm and weight 75 kg , in whom the normal basal requirement is 1,800 
calories per twenty-four hours, and in addition assume the basal metab- 
olism to be 50 per cent above normal, which is a fair estimate in a 
moderately severe instance of exophthalmic goiter, it is possible to cal- 
culate the dietary requirements of such a patient Following an 
extended study ^ of the food consumption and basal metabolism in a 
patient with exophthalmic goiter, in this hospital m 1922, it was con- 
cluded that a caloric intake averaging 84 per cent greater than the 
basal metabolism was necessary in order to maintain weight Boothby 
and Sandiford ® have made extensive studies of the total metabolism 
in nine patients with exophthalmic goiter and give in a detailed table, 
among other information, the basal metabolism and food intake per 
twenty-four hours for each patient before surgical measures were 
instituted These subjects were at complete rest in bed or up from 
two to three hours daily The average intake was 3,517 calories per 
twenty-four hours, or 78 calories per kilogram of body weight Each 
patient remained in a positive nitrogen balance and there was a very 
slight gam in weight, averaging 75 gm per twenty-four hours for the 
group In order to accomplish this, it was necessary for each patient 
to consume an average of 3,517 calories daily, which was an intake 90 

3 Aub, J C , and DuBois, E F Clinical Calorimetry, XIX, The Basal 
Metabolism of Old Men, Arch Int Med 19 823 (May) 1917 

4 Sturgis, C C Observations on One Hundred and Ninety-Two Con- 
secutive Days of the Basal Metabolism, Food Intake, Pulse Rate and Body 
Weight in a Patient With Exophthalmic Goiter, Arch Int Med 32 SO (July) 
1923 

5 Boothby, W M, and Sandiford, Irene The Total and Nitrogenous 
Metabolism m Exophthalmic Goiter, J A M A 81 795 (Sept 8) 1923 
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per cent greater than the average basal metabolism of the group For 
the maintenance of body weight it seems reasonable to conclude that, 
m addition to the extra energy required by the increase m the basal 
metabolism, it is necessary to add another increment of from 75 to 100 
per cent of the basal metabolism on account of the specific dynamic 
action of the food eaten and the excessive activity of these patients even 
though they are resting in bed most of the time If the energy require- 
ments are calculated under such conditions, we should add 900 calories 
to the normal basal requirement of 1,800 calories of the person pre- 
viously considered for the increase of 50 pei cent in the basal metab- 
olism, and 85 per cent of the elevated basal, or 2,295 calories, as an 
average for the muscular movements of a patient in bed and the specific 
dynamic action of food The total amount, theref oi e, is found to equal 
4,995 calories Such an estimate indicates the number of calories 
necessary to furnish a patient of this age, height and weight, having a 
basal metabolism 50 per cent above normal, with sufficient food in 
order to maintain body weight while resting in bed It would be 
difficult to estimate, with any degree of accuracy, the dietary require- 
ment necessary if such a person were carrying on an occupation requir- 
ing moderate or heavy exertion Boothby and Plummer ® have reported 
that in hyperthyroidism a given amount of work requires almost twice 
the energy expenditure that it does in normal persons, or, in other words, 
such a patient is very inefficient in the performance of mechanical work, 
which IS a mattei of considerable importance in estimating their total 
energy expenditure A conservative estimate of the caloric require- 
ments under these circumstances would be in the vicinity of 6,000 calories 
or more, an amount that represents a very large quantity of food and 
requires an unusually good appetite before it can be ingested 

The various factors governing the caloric requirement in normal 
persons who are undernourished are not effectual in patients with exoph- 
thalmic goiter While undernutrition in an otherwise normal person 
is followed by a fall in the basal metabolism, the same is not true in a 
patient with exophthalmic goiter, for in this condition, although many 
pounds of body weight may be lost, the constant stimulus to cellular 
metabolism characteristic of the disease elevates the basal metabolism 
to a level that may leach 75 oi 100 per cent above normal Therefore, 
although the food intake may be diminished, the basal metabolism or 
eneig}’^ expenditure remains at a level often greatly above normal, and as 
a result the patient’s own body tissues are burned to such an extent that 
a striking loss of body weight results unless a ler} large quantit} of 
food IS eaten 


6 Plummer, H S, and Boothbx, W M The Cost of Work m Exophthal- 
mic Goiter, Am J Phvsiol 63 406, 3922-1923 
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DuBois^.has emphasized that the nonnal subject’s appetite uncon- 
sciously balances the bodily needs and maintains a practically constant 
weight in many people .with extraordinary exactness If a large per- 
centage ofrnormal persons meet their energy requirements by consuming 
an approximately exact quantity of food, the question may be asked how 
adequately are the increased energy requirements met in a patient with 
exophthalmic goiter and an increased metabolism 

In order to secure information on this question, the histones of 
sixty-five patients have been considered in order to ascertain the amount 
of weight lost and to gain an approximate idea of the food intake from 
their own statements concerning their appetites overi the duration of the 
disease Sufficient data was obtainable on which an opinion might be 
based in fifty-two of the sixty-five histones This information revealed 
that in 86 5 per cent , or 45 patients, of the 52, there was a loss of body 
weight averaging 11 9 kg (26 3 pounds) in an average length of time 
of 11 9 months Six patients stated that there had been no variation in 
body weight, and m one it, was claimed that the weight had increased 11 
pounds (5 kg ) When we consider the rather striking weight loss 
in such a high percentage of these patients over a relatively short inter- 
val, It IS interesting to obtain an estimate of their food intake The 
patient’s appetite was classified as ravenous, increased, normal or 
decreased In eighteen, or 34 6 per cent , the appetite was considered 
as ravenous , in eleven, or 21 2 per cent , as increased, in seventeen, or 
32 7 per cent , as normal, and m six, or 1 1 5 per cent , as decreased In 
summary it can be said that m a total of forty-six patients, or 88 5 per 
cent , the appetite was regarded as ravenous, increased oi normal When 
It IS considered that 86 5 per cent of the same fifty-two patients lost an 
average of 11 9 kg (26 3 pounds) in 11 9 months, it emphasizes in a 
very striking manner the inability of most patients with exophthalmic 
goiter, when leading a more or less normal life, to consume a diet 
adequate in calories to provide for the greatly augmented energy expen- 
diture In a small number of patients with exophthalmic goiter having 
a basal metabolism elevated above normal limits, however, it is appar- 
ently possible to ingest sufficient food to maintain body weight, and 
even in rare instances to increase it, despite the large energy require- 
ments Under the latter circumstances the appetite must be extraor- 
dinarily large If the patient’s food consumption is persistently small 
over a long interval and yet his activities are not limited, the loss of 
weight is often remarkable, resembling the decrease frequently observed 
in severe untreated diabetes In the last analysis, variation in body 
weight in patients with exophthalmic goiter is dependent on the balance 

^ DuBois, Eugene Basal Metabolism in Health and Disease, Ed 1, 
Philadelphia, Lea and Febiger, 1924, p 181 
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between the amount of energy which is available to the body m the form 
of food and the total energy expended, which depends chiefly on the 
amount of muscular exertion and the level of the basal metabolism 
From a consideration of the available data it is apparent that most 
patients, although they have a large appetite, cannot supply their 
increased energy requirements and therefore lose weight, while a very 
small percentage can ingest sufficient food to maintain and even, in rare 
instances, to gam weight 

The rather unusual histoiy of a weight loss and a good or excessive 
appetite is not frequently encountered in clinical medicine and is infor- 
mation of a particularly definite nature which suggests the possibility 
of an increased metabolism , it is therefore of value from a diagnostic 
standpoint Under ordinary circumstances undernutrition, as it is 
usually observed in clinical medicine, is associated with a poor appetite 
and a diminished food intake The striking exceptions to this are found 
in diabetes and exophthalmic goiter In these conditions similar degrees 
of undernutrition are frequently observed Joslin ® found, in a study 
of 200 patients with diabetes, that the average weight loss was 12 kg 
(26 4 pounds), which represented the difference between the maximum 
weight befoie the onset of the disease and the weight when the patient 
was first observed In the group of patients with exophthalmic goiter 
who lost weight (86 5 per cent of the group), the decrease was almost 
precisely the same, as the average loss was 119 kg (263 pounds) 
Joslin” reports that the respiratory quotients of the severe cases of 
diabetes studied at the Nutrition Laboratory between 1908 and 1911 
averaged 0 73, which indicated that very small amounts of carbohydrate 
were being utilized It is interesting to note that the respiratory quo- 
tients of this group of patients with exophthalmic goiter averaged 
approximately the same, the figure being 0 75 Although in individual 
instances no great importance can be attached to small changes in the 
respiratory quotient, they are of considerable significance when the 
quotients of a large group of patients are considered Quotients of 
0 73 and 0 75 in these two groups of patients indicate that 84 per cent 
and 15 6 per cent , respectively, of the total calories are derived from 
carbohydrate, whereas the average quotient of 0 83, which was found in 
236 normal persons in the Harris and Benedict series, means that 43 8 
per cent of the calories produced were due to the combustion of carbo- 
hydrate In severe, uncomplicated diabetes a low respiratory quotient 

8 Joslin, E P The Prevention of Diabetes Mellitus, J A M A, 76 79 
(Jan 8) 1921 

9 Joslin, E P (Footnote 2, p 165) 

10 Hams and Benedict Carnegie Institution of Washington Publication 
No 279, 1919, pp 40 and 44, Tables C and D, quoted bv Joslin (Footnote 2, 
P 167) 
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IS expected as in a subject with this disease there is an inability to 
utilize carbohydrate In exophthalmic goiter there is no impairment 
of the ability to burn carbohydrate but owing to the increased energy 
requirements of the disease, the glycogen stores are constantly called 
on and are therefore greatly depleted, which is further evidence of 
undernutntion in this condition 

COMPARISON OF BODY WEIGHTS OF PATIENTS WITH EXOPH- 
THALMIC GOITER WITH STANDARD WEIGHT TABLE 
BASED ON HEIGHT, AGE AND SEX 

To secure further information concerning the nutrition of patients 
with exophthalmic goiter, the body weights of sixty-five such patients 
were compared with the Medico-Actuarial Weight Tables which have 
been utilized by Joslin ® in a study of the body weight of patients with 
diabetes It was impossible to use the more recent weight standards 
proposed by Dreyer and Hanson which are based on stem length and 
chest girth, as these measurements were not available in this group of 
patients The comparison of the actual body weights of the sixty-five 
patients with the weight tables showed that twelve, or 18 per cent , 
averaged 6 8 per cent greater than is considered normal according to 
the standards used One patient of this group appeared obese and was 
actually 15 9 kg (35 pounds) over her estimated normal One patient 
of the 65, or 1 5 per cent , had n- body weight that coincided exactly 
with the’ calculated normal In fifty-two of the sixty-five patients, or 
80 per cent , the body weight was found to average 18 2 per cent below 
the normal Judging from clinical experience and from these obser\a- 
tions it seems safe to conclude that the body weight of about 20 per cent 
of all patients with exophthalmic goiter will be normal or slightly above 
and that they will appear well nourished, in rare instances, they may 
even be slightly obese The remaining 80 per cent will give evidences 
of loss of body weight, which will average, if a group is considered 
collectively, about 18 per cent of their body weight before the onset 
of the disease 

In making these conclusions, the question quite properly arises of 
the reliability of the normal weight tables which were used It is, of 
course, impossible to estimate precisely the ideal weight of a person 
basing the calculations on height, age and sex The normal standards 
that were utilized are considered among the most reliable available An 

11 Medico-Actuarial Mortality Investigation, Association of Life Ins Med 
Directors and Actuarial Soc of America, New York 1 37 (Table 3), 66 
(Table &), 1921 

12 Dreyer, Georges , and Hanson, G F The Assessment of Physical Fit- 
ness, New York, Paul B Hoeber, 1921 
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individual variation of 10 per cent below normal cannot be consideied 
significant, but if a gioup of sufficient size is considered collectively and 
their average is found to be 10 per cent below the normal, it indicates a 
definite abnormal variation In order to asceitain the accuracy of 
these noimal standards we have compared the actual body weights of a 
group of normal persons, male and female, with the noimal weights 
given by the tables In thirty-five males between the ages of 19 and 54 
years, the actual body weight averaged 2 9 per cent below the weights 
given in the standard tables In thirty-five females, between the ages 
of 20 and 53 years, the variations between the actual were 3 per cent 
below the calculated body weight The average vaiiation from the 
normal standard of the entire group of seventy people was 2 97 per 
cent below the calculated body weight These deviations from the 
normal standard seem surprisingly small and appear to justify the 
conclusions concerning the body weight of patients with hyperthyroidism 
which have been given above Additional data is available furthermore 
which indicates the accuiacy of these standards when applied to gioups 
pf persons Oui conclusion has been that 80 per cent of the group 
of patients with exophthalmic goiter have a body weight almost 20 per 
cent below the normal standard when they present themselves at this hos- 
pital for examination The question may be asked. How many normal 
persons will be 20 per cent below these standards^ This may be 
answeied by a consideration of the facts shown by the New England 
Mutual Life Insuiance Company Mortality Investigation between tlie 
years 1844 and 1905, when it was found that of the 136,240 insuicd 
healthy persons only 4 6 per cent were 20 per cent underweight ® 
according to these standards These comparisons therefore indicate that 
considerable significance can be attached to the statistics concerning 
body weight in patients with exophthalmic goiter when a group of 
sufficient size is considered 

It IS apparent, then, that a large majority (80 per cent ) of these 
patients, when they appear at this hospital foi treatment after having 
had exophthalmic goiter for an average interval of 16 1 months, show 
rather striking undernutrition This results from an inability to pro^ ide 
by their diet foi the high caloiic requirement due to a characteristically 
high basal metabolic rate, an inefficiency in the performance of mechani- 
cal movements, and a loss of the normal adjustment mechanism which 
makes possible a drop m the basal metabolism as undernutrition devel- 
ops When the dietary requirements are inadequately met, the patient’s 
reserve stores of fat and carbohydrate are drawn on as sources of 
energ)' Ultimately if these fail to provide sufficient energy, bod) pro- 

13 Root, H F, and Miles, W R Phjsical Measurements of Diabetic 
Patients, J Metabolic Res 2 190 ( ^ug ) 1922 
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tern IS consumed as food, and under these circumstances a loss of 
nitrogen results According to our figures such a patient may be 
represented theoretically by a person whose weight has decreased from 
a normal of 68 2 kg (150 pounds) to 58 kg (123 pounds), a loss of 
18 2 per cent , throughout an illness of 16 1 months During this 
interval it is reasonable to suppose that periods of nitrogen loss may be 
present owing to an inadequate diet Such a patient’s condition, with 
reference to undernutntion, is somewhat comparable to that of a subject 
who has undergone a complete fast for twenty-nine days and as a result 
suffers a loss in body weight of 20 1 per cent , which is the average loss 
in that length of time as indicated by Benedict in his resume of fast- 
ing This amount is similar to the 18 2 per cent loss which occurs 
in many patients with exophthalmic goiter, although in the latter the 
decrease in weight is distributed over a much longer period The fore- 
going summary emphasizes the magnitude of the loss in body weight 
which frequently occurs in patients with this disease More important 
still, it IS such an undernourished patient who comes to a hospital and 
in a variable period of time, often too brief, undergoes a major operation 
on the thyroid gland 

LOSS or BODY WEIGHT IN PATIENTS WITH EXOPHTHALMIC 
GOITER rOLLOWING MAJOR OPERATIONS ON 
THE THYROID GLAND 

The importance of an additional loss of weight following operative 
procedures in an already undernourished patient led to a careful survey 
of the percentage loss of weight in these patients following partial or 
subtotal thyroidectomy The question of determining the change in 
body weight and analyzing accurately the factors responsible for this 
change is not as simple as it may appear on first inspection In study- 
ing these patients the preoperative body weight, without clothes, was 
recorded at the time of the last determination of the basal metabolism, 
which was usually within two oi three days before operation The 
patient was weighed, usually between ten and eleven days after the 
operation, when the first metabolism following the operation was deter- 
mined This weight loss recorded ten or eleven days after the operation 
probably does not indicate accurately the maximum as by this time the 
postoperative febrile reaction had disappeared , food could be taken in 
fair amounts, and the metabolism was usually normal, according to the 
observations of Segall and Means^® It seems a reasonable estimate to 

Benedict, F G A Study of Prolonged Fasting Carnegie Institute of 
Washington Publication No 203, 1915, p 80 

n't, Segall, H N , and Means, J H The Immediate Effect of Subtotal 
thyroidectomy in Toxic Goiter, Daily Basal Metabolism and Pulse Observa- 
tions, Arch Surg 8 176 (Jan ) 1924 
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assume that the maximum loss of body weight occurs from the fourth to 
the sixth postoperative day, and that several pounds may be gained 
between that time and the day on which the patient is actually weighed 
The error resulting from weighing the patient on the tenth or eleventh 
postoperative day would therefore tend to minimize the loss of eight 
following operation 


Table 1 — Percentage Va'iialxon in Body IVeig/it Following Subtotal Thyiotdec- 


tomy tn Thuty-Six Patients with Exophihahme Goiter Who Weic A^ot 
Tieatcd zvith Lugol's Soliifton Pi tor to Operation 


Variation in Body 





Weight Follow- 

Postoperative 

Metabolism 

Metabolism 


Ing Operation, 

Day Weight Was 

Before 

After 

Case 

per Cent 

Detennined 

Oper ition 

Operationt 

1 

—6 4 

18 

-h29 

— 3 

2 

-53 

11 

+43 

+18 

3 

—62 

3 

+33 

-f 75 

4 

—29 

11 

+37 

+16 

5 

—TV 

6 

+41 

+16 

6 

—97 

8 

+38 

+11 

1 

—68 

14 


+13 

8 

—3 5 

11 

+28 

— 9 

9 

—6 9 

6 

+63 

+43 

10 

—40 

11 

+21 

4- 6 

11 

—53 

IT 

1 

4 

12 

—1 5 

11 

4 

4 

4 

4 

13 

—24 

18 

4 

4 

4 

4 

14 

— 5 0 

10 

4 

4 

1 

15 

-31 

12 

« 

4 

4 

4 

16 

—5 5 

14 

: 

♦ 

4 

IT 

—38 

7 

+54 

+30 

18 

—52 

10 

+33 

+14 

19 

—64 

11 

+34 

+12 

20 

-43 

10 

+26 

+39 

21 

^ 2 

13 

+44 

+40 

22 

— 5 4 

8 

+37 

+ 7 

23 

~-C 7 

10 

+31 

— 3 

24 

-3 5 

10 

+13 

— 5 

25 

— 5 0 

7 

+40 


26 

—59 

16 

-i-50 

+24 

27 

—1 0 

15 

+29 

+10 

28 

—79 

12 

+34 

+24 

29 

—56 

5 

+17 

— 4 

30 

— 1 6 

12 

+44 

+21 

31 

—11 9 

15 

+49 

+28 

32 

—12 5 

13 

4 71 

+29 

33 

—29 

10 


+33 

34 

—41 

11 

-39 

+ 3 

35 

4 —60 

Vy 

-26 

+12 

36 

±00 

9 

-1-53 

+36 

Average 

— ■) 2 

11 

-1-39 

-^18 


* The minus sign indicates a loss of weight 

i The metabolism determination was made on the same da> the posfoperati\c bodj wdglit 
wras obtained, ns indicated in the second column 

1 The basal metabolism, vras not determined in these patients 

The loss of bod} weight follotting a majoi operation on the thyroid 
gland in thirty-six consecutive patients with exophthalmic goiter is 
shown in Table 1 It is to be emphasized that e\er} single patient lost 
in bod} weight except one, in whom it was unchanged The greatest 
loss was 12 5 per cent while the smallest was 1 per cent The a\erage 
loss w'as 5 2 per cent in an average of eleven da}s. which would repre- 
sent, for example a decrease of 3 5 kg (7 7 pounds) in a patient whose 
original body weight was 68 2 kg (150 pounds) immediate]} before the 
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operation This weight loss assumes more importance when one con- 
siders that these patients are usually undernourished before the opera- 
tion and suffer an additional weight loss of considerable extent in a few 
days following the operation It is possible to illustrate the changes in 
nutrition more strikingly if the percentage changes are applied to actual 
body weights For instance, if a patient weighed 68 2 kg (150 pounds) 
before the onset of the disease and then lost 12 9 kg (26 3 pounds), 
which was the average amount lost in 86 5 per cent of these patients 
according to their own statements, the weight on admission to the hos- 
pital would be 56 1 kg (123 pounds) Eleven days after operation, with 
an average loss of 5 2 per cent , or 2 9 kg (6 4 pounds), the patient's 
weight would be 53 3 kg (117 3 pounds) Therefore, the total loss of 
weight estimated to occur in a patient with exophthalmic goiter whose 
original weight before the onset of the disease was 68 2 kg (150 
pounds) and who fell into the group of undernourished patients, would 
be 14 9 kg (32 7 pounds), or 21 8 per cent , including the decrease in 
weight following the operation 

ANALYSIS OF FACTORS RESPONSIBLE FOR LOSS OF WEIGHT 
IN PATIENTS WITH EXOPHTHALMIC GOITER 
FOLLOWING OPERATION 

Among the important factors which must be considered and which 
may be responsible for fluctuations in body weight following operation 
may be mentioned the level of the basal metabolism immediately before 
and after the operation, the extent of the postoperative febrile reaction, 
the ability of the patient to ingest food, which may be influenced by 
postoperative nausea and vomiting or difficulty in swallowing due to 
trauma about the neck, the type of anesthetic, postoperative acidosis, 
and changes in the water balance of the body All of these factors may 
be of importance in the same patient, but in a consideration of this entire 
group an attempt has been made to determine the relative importance of 
each of these 

The most rapid fluctuations in body weight are associated with 
alteration in the water balance of the body Striking illustrations of 
this are found in the data obtained by Professor William G Anderson 
of the Yale University Gymnasium, who observed that a football player 
lost 64 kg (14 pounds) in one hour and ten minutes, a Marathon 
runner lost 3 9 kg (8 5 pounds) in three hours, and a member of a 
college eight-oared boat crew lost 2 5 kg (5 5 pounds) in twenty-two 
minutes The decrease in body weight was due in each instance to 
increased destruction of body tissue and loss of water The former was 

16 Anderson, W G , quoted by Benedict, F G , and Joslin, E P A Study 
of Metabolism in Severe Diabetes, Carnegie Institution of Washington Publi- 
cation No 176, 1912, p 96 
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insignificant as indicated by the calculations of Benedict and Joslin,^® 
who estimated that during an hour of strenuous muscular exeition, 
similar to the exercise of a football game, not more than 100 gm (about 
one-fourth pound) of dry organic material would undergo combustion 
in the body Subtracting this from the total loss of weight, there is 
left 63 kg (1375 pounds) of lost weight due to water It is of impor- 
tance to note that m these persons there was no fluid intake or a very 
slight one during the intervals of exercise, and that the body weight of 
the football player returned to normal inside of forty-eight hours follow- 
ing food and drink While there may have been fever and excessive 
sweating for a few days during the postoperative febrile period in the 
patients observed, there is no indication that an excessive quantity of 
fluid was lost from the body Immediately aftei the operation the fluid 
intake was maintained in the vicinity of 2,500 c c every twenty-four 
hours by means of subpectoral saline injections and dextrose solution by 
lectum In addition, sips of water by mouth were permitted, beginning 
a few hours after the operation The only factor of significance con- 
cerning the water balance is a possible accumulation of edema due to 
cardiac failuie, which may be intensified as a result of the operation A 
few of these patients had some evidence of caidiac failure with moderate 
edema before the operation, but they were not operated on until the 
edema had disappeaied as a lesult of rest in bed and digitalis While 
there was no visible edema after operation, it is well known that approxi- 
mately 10 pounds (4 5 kg ) fluid may collect in the body tissue without 
giving definite evidence in the form of “pitting ” The collection of 
edema may introduce an error in the weight change, as it may tend to 
mask any real loss of weight In this group of patients, however, there 
was no indication that a change in the body weight due to the accumula- 
tion or loss of edema was of importance 

Previous to the collection of data, it was thought that the effect 
of the various anesthetics might be related to the magnitude of the 
weight loss following operation Apparently the type of anesthetic had 
no significance in this respect, as shown by the following data, although 
the number of patients was too small to afford conclusive evidence Of 
the thirty-six patients, eighteen were given ether and the average weight 
loss was 49 pei cent , eight patients were operated on under procain 
and the average weight loss was 4 64 per cent , eight were given nitrous 
oxid and oxygen and had an average weight loss of 6 51 per cent , one 
had a combination anesthesia of nitrous oxid oxygen and procain 
which was followed by a loss in weight of 64 per cent , and one had 
nitrous oxid, oxygen and ether, with a loss in weight of 5 29 per cent 
It seems logical to assume that the administration of ether as an anes- 
thetic will result in the most severe postoperatne s^miptoms. ^\hlch will 
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be followed by the greatest loss in body weight This is not supported 
by the foregoing data, nor is there any conclusive evidence for or against 
any one particular anesthetic as far as the loss of body weight is 
concerned 

Goetsch and Browder have emphasized that acidosis is very prone 
to occur after operations on the thyroid gland and that acetone may 
appear in small amounts in the urine even immediately before operation 
According to these investigators, the postoperative acidosis is responsible 
for marked restlessness, often distressing nausea and vomiting, head- 
ache, irritability of the bowel with diarrhea, a dry tongue, parched bps, 
acetone odor to the breath and often large amounts of acetone in the 
urine Mild postoperative acidosis, as evidenced by acetone bodies in the 
urine, has been observed in a fair number of these patients, although 
never in any instance has a severe acidosis been encountered It appears 
difficult to ascertain to what extent the postoperative symptoms are due to 
the formation of ketone bodies, but it does not seem possible that they can 
be a factor of the greatest importance m the loss of weight following 
thyroid operations The development of an acidosis does emphasize the 
undernutntion of these patients and suggests very strongly that the 
glycogen reserves of the body in patients wnth exophthalmic goiter are 
usually very low Therefore, for several days after the operation, when 
very little or no food is being consumed, the available body glycogen is 
completely exhausted and an acidosis ma} result 

The inability to take food owing to nausea, vomiting and difficulty in 
swallowing as a result of trauma about the neck is undoubtedly of impor- 
tance and accounts, in part at least, for the loss of some weight following 
major thyroid operations It is not the sole factor, as indicated by a 
study of the postoperative loss of weight in a series of twenty-five 
patients with colloid goiter and nontoxic adenoma, all of whom had 
either a normal metabolism or no clinical evidence that their basal metab- 
olism was increased Twenty-two of these patients were given ether 
as an anesthetic Reference to Table 2 shows that the average loss 
in body weight in these patients averaged only 2 47 per cent as com- 
pared to an average loss of 5 2 per cent in patients with exophthalmic 
goiter and an elevated metabolism As almost all of the patients with 
colloid goiters and nontoxic adenomas had ether and the operative pro- 
cedures were at least comparable in extent to that employed in exoph- 
thalmic goiter, it seems logical to assume that the postoperatn^e nausea, 
vomiting and difficulty in taking food following the operation would be 
similar in the two conditions So, while postoperative complications are 

17 Goetsch, E, and Browder, E J Studies on Thyroid Disorders, IV, 
Intravenous Administration of Glucose Solution m Treatment of Acidosis 
i'ollowing Thjroid Operations, New York State J Med 22 469 (Oct) 1922 
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I of importance in exophthalmic goiter, they explain only approximately 
i one half of the weight loss and it becomes necessary to attribute the 
remainder to some other factor 

It has been previously emphasized that patients with exophthalmic 
goiter who lose body weight do so because their energy expendituie is 
at such a high level that their food intake fails to supply an adequate 
number of calories and the patient consumes his own body tissues Fol- 
lowing subtotal or partial thyroidectomy the food intake is practically 
ml for a period of several days and it is usually eight or ten days or 
longer before the diet is taken in normal amount In the series of 
thirty-six patients shown m Table 1 the metabolism was elevated in each 


Table 2 — Pei centagc Loss of Weight in Twenty-Five Patients with Colloid 

Gotiei and Nontax tc Adenomas 



Variation m Body Weight 

Postoperative Bay 


Following Operation,* 

Weight Was 

Case 

per Cent 
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1 

—2 51 

14 

2 

—1 GG 

3 

3 

—on 

8 

4 

—3 64 

10 

5 

—2 72 

15 

6 

—6 88 

7 

7 

—3 34 

9 

8 

—3 54 

8 

9 

—1 17 

10 

10 

—2 36 

12 

11 

—3 64 

/ 

12 

—51 

4 

13 

—2 76 

8 

14 

—2 94 

0 

15 

—6 00 

8 

16 

—3 68 

6 

17 

—2 56 

8 

IS 

—4 04 

11 

19 

—2 24 

8 

20 

—1 35 

11 

21 

— 4 57 

7 

22 

—3 82 

12 

23 

+3 41 

8 

24 

+1 SO 

12 

25 

+2 87 

12 

Average 

—2 47 

89 


* The mmuB sign indicates a loss, the plus sign a gain in body weight 


instance before the operation, the average being 39 per cent above the 
normal While the basal metabolism returned to normal within from 
two to three weeks in almost every instance following the operation, 
it did remain elevated in a number of patients for a period of ten days, 
and during the first three or four postoperative days it was probably 
elevated above the preoperative level, owing to the characteristic febrile 
reaction after these operations, at which time the body temperature may 
reach 101 degrees or higher At this time the highly undesirable com- 
bination of a markedly elevated metabolism associated with no food 
intake, or a very low one, exists in a patient This is obviously the 
most important cause of the weight loss following operation in these 
patients 
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That a loss in body weight commensurate with that actually observed 
could result in a few days in a patient without food and with an elevated 
basal metabolism is easily verified by calculation It has been previously 
estimated that a patient, of average size, having a basal metabolism of 
50 per cent above normal would require 4,995 calories to maintain body 
weight while resting in bed Foi several days immediately after the 
operation it is reasonable to suppose that additional restlessness and the 
usual postoperative fever would easily raise the caloiic requirement to 
even a higher level During the first three postoperative days oidinanly 
a negligible amount of food is ingested, while the minimum energ}' 
expenditure for this interval is assumed to be 4,995 calories a day, or 
14,985 calories for the total period Joshn has calculated that each 
kilogram of body weight lost, represents 3,766 calories, having based his 
figures on the amount of weight lost and the total metabolism m a subject 
who underwent a total fast of thirty-one days at the Nutrition Labora- 
tory m Boston Assuming that it is correct to apply this figure to a 
patient with exophthalmic goiter, it is apparent that a total loss of 3 98 
kg (8 7 pounds) would result in three days undei these conditions If 
the subject’s original weight before the operation was 68 2 kg (150 
pounds), this would represent a loss of almost 6 per cent , which is in 
approximate agreement with the average actual recorded loss of 5 2 
per cent m the thirty-six patients of Table 1 

Additional evidence that corroborates the suggestion that the high 
metabolism and small food intake are responsible for the great weight 
loss is to be found m Table 3, which shows the postoperative decrease 
in body weight m twenty-eight consecutive patients with exophthalmic 
goiter who had been treated with Lugol’s solution for an interval of from 
ten to fifteen days prior to the operation Following the administration of 
lodin the characteristic drop m metabolism, which resulted m an average 
basal metabolism of 21 for the group just prior to the operation, was 
obtained This is in contrast to the group of thirty-six patients who 
were not treated with Lugol’s solution and in whom the average metab- 
olism was -f- 39 just before the operation In the group of twenty-eight 
patients treated with Lugol’s solution, five, or 17 8 per cent , actually 
weighed more on the tenth postoperative day than they had before the 
operation, while the average loss of weight for the entire group follow- 
ing operation was 2 per cent , as contrasted to a loss of S 2 per cent for 

18 Joshn (Footnote 2, p 68) 

19 Boothby, W M , and Plummer, H S The Value of lodin in Exophthal- 
mic Goiter, J Iowa M Soc 14 66 (Feb ) 1923 Starr, Paul , Segall, H N , and 

Effect of lodin in Exophthalmic Goiter, Arch Int Med 
4 355 (Sept ) 1924 Mason, E H The Use of Lugol’s Solution in the 
treatment of Exophthalmic Goiter, Canad M A J 14 219 (March) 1924 

Jr Treatment of Exophthalmic Goiter With lodin. Northwest 

Med 23 165 (Anrin 1924 
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the group who were not treated witli Lugol’s solution and therefore 
entered the operation with an elevated metabolism When applied to 
actual figures these percentage values show tliat if a patient’s body 
weight before the operation is 68 2 kg (150 pounds) and he is not 
treated with Lugol’s solution, and therefore enters the operation with 
an elevated metabolism, the loss of body weight will average 5 2 per 
cent, or 3 5 kg (7 8 pounds), which will result in a body weight of 
646 kg (142 2 pounds) on the tenth postoperative day If the patient 


Table 3 — Percentage Variation in Body Weight Folloisnng Subtotal Thyroidec 
tomy in Twenty-Eight Patients with Evophthalmic Goiter Who Had 
Been Treated with Lugol’s Solution Prior to Operation* 
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98 
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* TBe initial metabolism of this group averaged +55 on admission to the hospital and 
before I/Ugol’s solution vras given This is approvlmately the same as the average Initial 
metabolism of the group shown In Table 2 
t The minus sign indicates a loss of weight 

t The metabolism determination was made on the same day the postoperative body weight 
was obtained, us indicated in the second column 


is treated with Lugol’s solution, the calculated weight loss will be 2 
per cent on the tenth postoperative day and the patient’s body weight 
will be 66 8 kg (147 pounds), which is a significant difference from 
64 6 kg (142 2 pounds) as indicated above 

The practical suggestions that may be deduced from these obsen’a- 
tions are obvious If a patient falls into the undernourished group as 
indicated by a comparison of the actual witli the normal weight tables, 
and in addition gives a histor)’ of a fairly large loss of weight, treatment 
should first be directed toward the undernutrition, a phase of the dis- 
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e^e that is, , frequently ignored If the treatment is to be a subtotal 
thyi;qfdectoiqyi then the patient should be under observation for a 
variable,, period, depending on the degree of undernutntton If the 
bpdy nutntiqn is good and there has been no loss of weight or only a 
?mall amoupt,,then a period of rest in the hospital of only ten days or 
two weeks is usually sufficient At this time Lugol’s solution should be 
administered, and after the third or fourth day the basal metabolism 
should be determined daily in order to ascertain its lowest level, at 
which time the subtotal thyroidectomy should be performed Previously 
It had been our custom to precede the major operation with one or more 
preliminary ligations of the thyroid arteries As the preoperative 
administration of Lugol’s solution has come into greater use, ffiese 
ligations have been eliminated, with no untoward results The pre- 
liminary period of rest in bed also permits careful study of the heart 
and the institution of proper therapy when indicated A patient who is 
markedly undernourished presents a problem of considerable importance 
Such a patient should be under observation resting in bed for a period 
of four or five weeks or longer During this time every attempt should 
be made to give a diet averaging between 75 and 100 per cent greater 
than the basal metabolism per twenty-four hours At the same time 
an effort should be made to decrease the patient’s caloric requirements 
by enforcing strict rest in bed The management of the diet in patients 
with exophthalmic goiter requires the greatest skill and resourcefulness 
The production of nausea by using foods too sweet or too high in fat 
content should be avoided The only food which some foreign patients 
desire is often of a special character and is obtained with difficulty 
Frequently the patient who will not eat can be made to eat by the simple 
procedure of carefully investigating the character of the articles of diet 
desired and supplying food that is relished When possible, charting 
of the caloric intake is worth while, as it furnishes an accurate index of 
the food consumed and is an added incentive to the patients, the nurses 
and attending physicians to keep the caloric intake at a high level 

It is usually not desirable to begin Lugol’s solution in these under- 
nourished patients until the probable time of operation is known, unless 
the patient s condition is serious and demands immediate attention 
Otherwise, the optimal effect will probably occur from the lodin tlierapy 
in ten or twelve days, at which time the gam in weight may not have 
been as much as desired If a further interval is required in order to 
gam weight, the possibility that the metabolism might gradually rise, 
despite the administration of lodin, must be considered under these 
circumstances The most rational procedure is to keep the patient at 
complete rest in bed for several, weeks, forcing him to take as much 
food as possible If the weight curve at that time is upward and the 
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patient had made a substantial gam, then Lugol’s solution should be given 
for an average of about ten days, in order to reduce the metabolism to 
the lowest level in preparation for operation 

The postoperative treatment of such patients should be followed 
with the greatest care Lugol’s solution should, of course, be continued 
on the day of the operation, by rectum if necessary, and for several 
weeks following the operation In addition every attempt should be 
made to supply an adequate fluid intake This may be accomplished by 
giving sips of water or other liquids within a few hours after the 
operation, provided nausea and vomiting are not contraindications If 
necessary 1,500 cc of physiologic sodium chlorid solution may be given 
subpectorally in twenty-four hours It is also desirable to provide as 
much food as can be taken immediately following the operation This 
may be accomplished by giving orange juice and other drinks containing 
carbohydrates at the earliest possible moment, due care being taken that 
nausea and vomiting are not induced It is of decided advantage, 
furthermore, to give as many calories as possible by rectum, although it 
has been said that only from 25 to 35 per cent of nouiishment necessary 
to maintain nitrogenous equilibrium and weight can be given in this 
manner 20 Rectal feeding is best accomplished by giving 1,000 cc of 
water containing 50 gm of dextrose and 50 gm of ethyl alcohol in doses 
of 250 c c from every four to six hours Although the caloric content of 
this solution IS not great (550 calories per thousand cubic centimeters 
of solution) It IS the optimal mixture from a caloric content that is non- 
irritating and can be retained and absorbed by the patient Solid food 
and a general well balanced high caloric diet should be taken by the 
patient as soon as possible during convalescence The combination of 
these simple measures, in an attempt to supply adequate fluid and as 
much nutriment as possible, and the reduction in the metabolism accom- 
plished by Lugol’s solution diminish the tendency of the patients to lose 
weight following operation The postoperative loss of weight is of 
great importance, as the patients are already undernourished, and the 
measures to conserve weight at this time add safety to the operation 
and decrease the length of convalescence 

SUMMARY 

The relation between the food intake, basal metabolism and bod\ 
weight in patients with exophthalmic goiter has been emphasized From 
our present observations, which are in accord witli those made pre- 
viously, It is concluded that in order to maintain body weight while 
resting m bed the food intake in a patient with exophthalmic goiter and 

20 Carter, H S Artificial Methods of Feeding in Endocrinology and 
llletabohsm, Nev. York, D Appleton & Co 1922, 3 810 
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an elevated metabolism must be at least from 75 to 100 per cent greater 
than the basal metabolism A study of the histones of sixty-five patients 
with exophthalmic goiter indicated that although 88 5 per cent of them 
had an appetite which was classified as ravenous, increased or normal, 
yet 86 5 per cent of these patients gave a history of a loss of 11 9 kg 
(26 3 pounds) of body weight m 11 9 months A comparison of the 
body weight of these sixty-five patients with the standard weight tables 
shows that 80 2 per cent averaged 182 per cent below normal when 
they first appeared at the hospital A study of the alteration m body 
weight following operation m thirty-six patients who had not been 
treated with Lugol’s solution and therefore were operated on with an 
elevated metabolism, averaging -f- 39, showed that all except one, in 
whom the weight was unchanged, lost an average of 5 2 per cent of their 
preoperative body weight m an average of eleven days after the opera- 
tion The factors responsible for this loss of weight might be several, 
but It was concluded that the most important was the combination of 
the inability of the patient to consume normal quantities of food and 
the elevated metabolism, which may remain high for a period of ten 
days or longer following thyroidectomy A second group of twenty- 
eight patients, who had been treated with Lugol’s solution and in whom 
the metabolism was reduced to an average of 21 before the operation, 
was studied In these patients, 18 per cent had actually gained weight 
by the tenth postoperative day, and the loss of weight for the entire 
group averaged only 2 per cent This loss is even less than the average 
decrease in body weight following operation in a group of twenty-five 
patients with colloid goiters and nontoxic adenomas 



GLYCEMIA AS A GUIDE IN THE TREATMENT 
OF DIABETES MELLITUS 


THE PRACTICABILITY OF ROUTINE EXAMINATIONS OF SMALL, 
EFFECTIVELY PRESERVED SPECIMENS OF BLOOD DRAWN 
BY THE PATIENT 

WALTER H NADLER, M D , PAUL STARR, M D 

AND 

GERTRUDE TUKEY, BS 

CHICAGO 

The necessity of maintaining normal blood sugar levels in diabetes 
mellitus has been urged by a few writers who believe that hyperglycemia, 
in the treated as in the untreated aglycosunc patient, permits ovenvork 
of and resultant damage to the pancreas ^ This goal in treatment con- 
forms with the modern conception of diabetes and with our knowledge 
of the natuie of insulin The necessity of preventing hyperglycemia 
is not, however, admitted by all writers even though there is practical 
agreement as to the necessity of keeping patients aglycosunc Some 
authors consider control of glycemia an unnecessary refinement Many 
emphasize the importance of blood sugar estimations in diagnosis but 
consider frequent determinations as a guide in treatment inconvenient 
and impracticable because of the additional expense and discomfort to the 
patient These objections have been largely overcome by the introduction 
of accurate micro methods that permit the use of small samples of capil- 
laiy blood, easily obtained from the finger or ear, and the use of 
preservatives, which make unnecessary the immediate examination of 
specimens That routine determinations with the micro method are 
practicable has already been demonstrated by Ordway - 

The inconvenience to the patient of repeated visits to the laboratory 
in a fasting state for the puipose of having blood samples drawn seemed 
to us the chief difficulty in carrying on frequent routine tests In the 
case of patients who lived at a distance, such examinations were impossi- 
ble A method m^s therefore sought which would permit the patient 
himself to collect small samples of blood that could be effectively pre- 
served and brought or mailed to the laboratory The procedure to be 
described, adopted after a trial of various micro metliods and of pre- 
servatives described m the literature, successfully meets these require- 

From the Department of Internal Medicine, Xorthwestern Uniiersitj 
Medical School, and Weslej ^Memorial Hospital 

1 Campbell, W R , and MacLeod, J J R Insulin, Medicine 3 262 (Aug ) 
1924 McCaske>, G W Renal Glucose Threshold and Its Bearing on Insulin 
Treatment of Diabetes, New Y'ork M J 118 215-217 (Aug 15) 1923 

2 Ordwa> Tr A Am Phjs 39 313, 1924 
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ments It is an adaptation o£ methods already reported The Fohn-Wu 
method of blood sugar estimation using 0 1 c c of blood, described by 
Handles and Gngg,® seemed the most satisfactory of the micro tests 
and was employed with only slight alteration in technic For preserva- 
tion the mixture of sodium fluond and thymol recommended by Sander 
was found to be effective It was used m a slightly different proportion 
in order to insure the presence of sufficient thymol in the smaller amount 
of mixture required for the micro method 

ACCURACY OF THE MICRO METHOD 

Randles and Grigg reported that with more than 100 samples run 
by both the regular Folm-Wu method and the 0 1 c c modification the 
agreement in results was entirely satisfactory, from the clinical point 
of view at least They found an average difference of about 5 per 
cent The following slight alterations m technic were made by us 
The 0 1 c c of blood (measured in a 0 1 c c pipet made by Emil Greiner 
for the Kramer-Gittleman micro method) was expelled into the bottom 
of the centrifuge tube containing the sulphuric acid solution and the 
pipet was washed out several times with the acid After being stirred, 
and with the stirring rod still in place, the sodium tungstate solution 
was added by placing the tip of the pipet on the stirring rod near the 
surface of the acid 

Readings obtained in our laboratory with the micro method as com- 
pared with the regular Folin-Wu method appear in Table 1 

For values less than 100 rag per hundred cubic centimeters of blood, 
the average difference was 0 0066 gm , for values between 100 and 
200 mg , the difference averaged 0 0056 gm , and for values between 
200 and 400 mg per hundred cubic centimeters of blood, the average 
difference in glucose was 00077 gm per hundred cubic centimeters of 
blood The micro method seems, therefore, to be accurate for clinical 
purposes as stated by Randles and Gngg 


PRESERVATIVE AND ANTICOAGULANT 
Randles and Grigg collected their blood samples in vials containing 
2 drops of a 1 per cent solution of potassium oxalate which was dried 
m the vial As a preservative, eftective for from two to three days, they 
used formaldehyd solution added by means of a toothpick dipped m the 
solution and stirred with the few drops of blood after the excess of 
formaldehyd had been shaken off 


TT I ^ ^ W K Estimations of Blood Sugar by the 

Rdin-Wu Method, Using 01 Cc of Blood, J A M A 82 684-^6 (March 1) 


Xt Preservation of Blood for Chemical Analysis, J 

Biol Chem 58 1 (Nov) 1923 
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More permanent and satisfactory preservation was obtained by us 
with sodium fluorid and thymol Sander recommended a mixture of 
ten parts of sodium fluorid and one part of thymol, the whole having 
been finely powdered and passed several times through a 100 mesh 
sieve Using relatively large amounts of blood, he found that a mixture 
of 0 01 gm of sodium fluorid and 0001 gm of thymol to each cubic 
centimeter of blood was a preservative for from six to fourteen days 
For 0 2 c c of blood we, at first, used 5 mg of the 10 1 mixture , 
more than that amount of sodium fluorid was found to interfere with 
the precipitation of the protein It was then found with the 10 1 
proportion that occasionally a blood was not preserved, probably because 


Table 1 — Accuracy of the Mjc7o Method 


Hegulnr Volin Wu 
(2 0 c of Blood) 

Micro 

(01 Oc of Blood) 

DlfTcrcnco 

OOfiO 

0 002 

—0 007 

0 075 

0082 

+0 007 

0 075 

0085 

+0 010 

0 077 

0 009 

—0 008 

0 079 

0 072 

—0 007 

0085 

0090 

+0 005 

0 087 

0074 

-0 013 

0 088 

0 079 

-0 009 

0 090 

0 093 

-10003 

0 091 

0083 

oos 

0 097 

0100 

+0 003 

0 090 

0100 

+0 001 

0101 

0102 

-1 0 001 

0102 

0090 

—0 012 

0104 

0102 

—0 002 

0118 

0118 

0 000 

0128 

0130 

-1 0 003 

0 128 

0123 

—0 005 

0139 

0138 

—0001 

0149 

0154 

+0 005 

OlGl 

0180 

+0 019 

0185 

0182 

—0 003 

0 215 

0220 

+0 005 

0 222 

0 232 

+0 010 

0 253 

0266 

+0 003 

0 200 

0270 

+0 001 

0 323 

0328 

+0005 

0 3,79 

0 345 

+0000 

0 350 

0334 

—0 010 

0 357 

0 370 

+0 013 


the mixture, which is a mechanical one, was not complete enough to 
insure the presence of sufficient thymol in the small amount (5 mg ) 
of the mixture used The proportion was therefore changed to 10 2, 
with the result that all of the bloods were perfectly preserved We 
recommend this proportion for the use of small amounts of blood 
Table 2 shows the effect of incubation on micro samples taken from 
the veins of two normal persons After seven and eight da} s’ incu- 
bation, respectively, the final difference was ver) slight and well within 
the limits of error of the micro method 

In addition to the preservative senes kept in the incubator, micro 
samples of blood from a diabetic patient w’ere mailed to \anous parts of 
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the country after the sugar content was determined Table 3 shows the 
variations found in the samples on their return to the laboratory from 
SIX to eleven days after mailing The differences were well within the 
limits of error of the method 

COLLECTION AND PRESERVATION 

Small, wide mouthed vials (7 by 12 mm ) fitted tightly with rubber 
stoppers were used for collecting the samples of blood To these vials 
had been added from a small glass spoon the mixture of sodium fluond 
and thymol Patients were taught to prick their own finger tips with 
an automatic spnng lancet, the point of which had been sharpened and 
shaped to resemble a Hagedorn needle The points were set at 3 mm 


Table 2 — Pieseivahon of Bloods; Incubated at 37 Dcgiees Cenitgtade 






X ADLER ET AL— DIABETES MELLITIS 5So 

COMMENT 

The practicabiht}* of regular, routine estimation of sugar m small 
samples of blood dra^vn by patients at home has been demonstrated m 
a senes of diabetic cases dunng a penod of from six to ele\ en months 
The accompanjmg chart illustrates the clinical course from the stand- 
point of the fasting blood sugar of one of the patients treated nitli 
msulm Tests uere made at weekly interv'als for the most part but 
more frequent readings Avere made in patients Avith marked Inper- 
glycemia especially when assoaated with tuberculosis and other compli- 
cations Analyses of the presented bloods were usualh deferred until 



Blood sugar cune of patient, aged 31, who was first seen in 1922 

seien weeks after the onset of s>Tnptoins For o\er a >ear he reiriPincQ 
aglycosuric on a high protein low fat and carbohydrate d’ct He <.hen 
increased his diet to the point of permitting occasional glycosuria Later a'ter 
a "cold,’ glycosuria became constant In July, 1924, insulin treatment ’^as 
started and obser\ation of fasting blood sugars %\as begun Blood samples 
were drawn at home by the patient and sent to the laboratory The thirty 
units of insulin daily* freed the urine of glucose but 60 units uere required to 
maintain a normal blood sugar le\el Recently 50 units ha^e sufhcca Tem- 
porary* elcAations ha\e occurred iMthout apparent cause The .\cignt of the 
patient has increased from 100 to 137 pounds (-tS 4 to 62 1 kg ) 

eight or ten specimens had accumulated As a result of these determi- 
nations a more accurate check on the efhcac} of dictaiy and m'^iilm 
control has been obtained and Aariations in metabolism haA e been more 
quickly discoA’ered than Avould haAe been possible from examirptlnn of 
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the urine alone The accuracy of the readings is not affected by the 
utilization of finger instead of venous blood since it has been shown 
that, in the fasting state, the sugar content of capillary blood, which is 
virtually arterial, is practically the same as that of venous blood ° The 
procedure descnbed is likewise applicable when more frequent estima- 
tions are desired as in carbohydrate and glucose tolerance tests and in 
all day curves In the interpretation of such curves, however, con- 
sideration must be taken of the fact that the glucose m finger (arterial) 
blood may be appreciably higher than that of corresponding venous 
blood ® 

SUMMARY 

Patients can be taught to collect from their fingers and bring or 
mail to the laboratory a few drops (about 0 2 c c ) of blood which is 
effectively presented and kept from clotting by a mixture of sodium 
fluorid and thymol recommended by Sander (5 mg of sodium fluorid 
and 1 mg of thymol are used) Estimations of sugar, accurate for 
clinical purposes, can be made at a convenient time with the micro 
modification of the Folin-Wu method described by Randles and Grigg 
The procedure described is practicable It provides a method of routine 
observation of the fasting blood sugar level of diabetic patients 

5 Foster, G L Studies on Carbohydrate Metabolism, I, Some Com- 
parisons of Blood Sugar Concentrations in Venous Blood and Finger Blood, 
J Biol Chem 55 291-301 (Feb ) 1923 

6 Foster (Footnote 5) Con, C F , and Con, G T Comparative Study of 
the Sugar Concentration in Arterial and Venous Blood During Insulin Action, 
Am J Phys 71 688 (Feb ) 1925 



PANCREATIC FUNCTION 


I THE QUANTITATIVE DETERMINATION OF PANCREATIC 

ENZYMES 
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AND 

JOSEPH M MARCUS, MD 

NEW YORK 

Enzymes are substances produced by living cells which behave like 
catalysts in that they change the rate of chemical reactions without 
themselves undergoing any apparent physical or chemical change 
Since enzymes have not been isolated in a pure state, our knowledge of 
their properties is limited to the study of the reactions that they 
accelerate or retard 

In quantitative tests of enzymatic activity, a fixed proportion must 
exist between the amount of enzyme that is piesent and the effect that 
IS pioduced It is therefore essential that the laws governing their 
velocity of reaction should be properly applied 

According to the law of mass action, the rate of reaction is propor- 
tional to the concentration of the reacting molecules At any moment 
the velocity of reaction is proportional to the amount of substance that 
lemains undecomposed In a unimolecular reaction of an inorganic 
catalyst, such as the hydrolysis of cane sugar by hydrochloric acid, 
^ , or velocity of hydrolysis, = /<^F(a-A') (la) 

a = the initial amount of substrate, amount of substrate that 

has been hydrolyzed at the moment of observation, /^ — a constant 
expressing the ratio between the mass of remaining substrate and the 
velocity of hydrolysis, and F — the amount of catalyst present Here 
the intensity of the reaction is in direct proportion to the concentration 
of the enzyme 

The relation between the mass of substrate hydrolyzed and the time 
of hydrolysis is found by integration to be loge ~ = KFt (lb) 
Such a relationship when plotted forms a logarithmic curve 

With enzymes the rate of reaction is not expressed in terms of the 
equation just given for inorganic catalysts The velocity of reaction 
is dependent on many factors, the more important ones being (a) col- 
loidal adsorption, (&) reversibility of reaction, and (c) the effect of the 
products of the reaction 

From the department of physiologic chemistrj , Mt Sinai Hospital 
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COLLOIDAL ADSORPTION ^ 

In the hydrolysis of sucrose by an enzyme, such as invertase, when 
the proportion of sugai to invertase is high, the rate of hydrolysis is 
constant for a given amount of invertase For varying amounts of 
invertase the velocity of hydrolysis is proportoinal to the concentration 
of the enzyme 

Thus, instead of a logarithmic equation, we have 

Velocity of hydrolysis ~ /CF (2a) 

The relation between the quantity of substrate hydrolyzed (x) and 
the time of hydrolysis (t) must be v~KFt (2b) 

Amylopsm in its action on starch follows this law Here the quantity 
of substrate changed in any interval of time is a constant amount The 
curve of reaction instead of being a logarithmic one becomes a straight 
line As the action proceeds, when the substrate is insufficient to bind 
all of the enzyme, the amount of the substrate hydrolyzed is directly 
proportional to its concentration, as the logarithmic law requires (For- 
mula la and lb) 

This type of reaction can be explained only by the assumption that 
a compound of enzyme and substrate is formed which exists for an 
appreciable time (adsorption) All reactions brought about by enzymes 
occur in a heterogeneous system The active mass of substrate is 
unknown In the hydrolysis of sucrose by acids, the amount of acid 
that IS bound by the sucrose at any instant is so small that it has never 
been quantitatively determined In such a case the active mass of 
substrate is the amount of substrate that is undecomposed 

REVERSIBILITY OF REACTION 

All reactions catalyzed by enzymes are reversible The enzyme 
combines with the end products of the substrate and then it acts m 
opposition to its first combination (synthesis) In hydrolytic reactions 
the rate of hydrolysis is retarded as equilibrium is approached The 
velocity of hydrolysis at any moment is the difference between the two 
opposite reactions of hydrolysis and synthesis, in final equilibrium no 
apparent change takes place, although in reality the condition is not one 
of rest but of balance between these two opposing processes each acting 
at a definite rate 

The role of reversibility of reaction is important in the study of the 
velocity of reactions with steapsin and trypsin In the case of amylopsm 
the factor of reversibility is negligible since its hydrolytic reaction 
progresses almost to completion before any reverse action occurs 
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In reversible reactions in which the enzyme is bound and inactivated 
by the products of hydrolysis, the velocity of reaction will be in\ersel} 
proportional to the extent of the hydrolysis 

— , or velocity of hydrolysis, = 

In the early stages of the reaction, when x is small, a-x is nearly equal 
to a 

^ , or velocity of hydrolysis, = (3a) 

On integration, 

X=V2KFat (3b) 

which IS the Schutz-Borissov law, namely, that the intensity of action 
IS directly proportional to the square root of the concentration of the 
enzyme This rule holds good, however, only during the early stages 
of the hydrolysis 

EFFECT OF THE PRODUCTS OF HYDROL\SIS 

In digestion by trypsin or by steapsm, amino-acids or fatty acids 
are produced which cause a reduction in hydroxyl ion concentration 
This has a destructive action on these enzymes as the optimum hydrogen 
ion concentration for their activity becomes changed Hence, it is 
important in the study of the velocity of reaction of these enzymes to 
maintain the hydrogen ion concentration at about its optimal value 
throughout the period of observation 

It follows from the principles discussed that a general law cannot 
be stated for the relation between the velocity of a reaction and the 
concentration of an enzyme In some cases, as in the hydrolysis of 
sucrose by invertase or in the hydrolysis of starch by amylase, the rela- 
tion IS a direct linear one Generally, the proportion is expressed in 
some exponential form as in the square root law of Schutz-Borissov 
However, this law is only of limited application during the early 
stages of certain reactions The ratio is generally less than the square 
root 

The only universal rule that has been found to go\ern the action 
of the hydrolyzing enzymes is the “time law” of Hedin The time 
required to obtain the same effect with varying amounts of an enzjmc 
vanes inversely with the concentration of the enzyme In quantitatne 
determinations of reversible reactions especial!}, it is more accurate to 
measure the time taken to effect a definite change than the amount of 
change in a definite time 

All clinical methods thus far proposed for the quantitative deter- 
mination of pancreatic ferments have been based on the determination 
of the amount of enz}Tnatic activity on various substrate'^ at the end of 
a fixed inter\al of time (from one to twenty-four hours). As dis- 
cussed abore, only in the case of amylopsin is there a direct linear 



588 


ARCHIVES OF INTERNAL MEDICINE 


proportionality between the amount of enzyme present and the amount 
of hydrolysis effected, when the substrate is m excess (The velocity 
of reaction follows equation 2a and 2b ) In Table 1 is given the num- 
ber of cubic centimeters of digestion mixture required to reduce 5 c c ' 
of Benedict’s copper solution To flasks containing 50 c c of 3 per cent 
aqueous solution of soluble starch, lcc,05cc,0 25 cc and 0 125 c c 
of the same specimen of duodenal contents were added These were 
incubated for one-half hour at 37 5 degrees C ^ 

These results, within the limits of experimental error, follow the 
law of direct linear proportionality Benedict’s solution is reduced 


Tablf 1 — Cubic Centimetos of Starch Digestion Mixtuic Reqnticd to Reduce 
Five Cubic Centimeteis of Benedict’s Solution 


Amount of Duodenal Contents Used 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

lee 

082 

085 

ISO 

120 

ISO 

05c c 

148 

170 

260 

2.30 

265 

0 25 c c 

256 

300 

530 

4 40 

5 65 

0 123 0 C 

528 

6 05 

U45 

900 

1160 


Table 2 — Determination of Tryptic Activity (Method of 
Lueders, Bergeiin and Rehfuss) 


Amount ol Tenth Komnl Sodium Hydroxid Required 
to Bring Digestion Mixture to Neutral Point 
Amount of Duodenal r— 


Contents Used 

Casel 

Case 2 

Cases 

Case 4 

Cases 


61 

65 

60 

72 

37 


58 

56 

48 

57 

26 


39 

S3 

37 

43 

13 


Table 3— Determination of Lipolytic Activity (Method of 
LuedeiSj Bergeim and Rehfuss') 


Amount of Tenth Normal Sodium Hydroxid Required 
to Bring Digestion Mixture to Neutral Point 

, — - — — ^ - ■ — ■■ — ■ — I 

Case 1 Case 2 Case 3 Case 4 Case 5 

90 93 19 60 55 

60 52 10 49 41 

43 41 07 32 26 


Amount of Duodenal 
Contents Used 

Ice 
0 5 e e 
025cc 


only by the maltose formed The fact that the hydrolysis of starch 
occurs in stages, with the formation of several dextnns as well as 
maltose, does not produce any appreciable error 

In the case of trypsin (Table 2) and of steapsin (Table 3) no 
simple proportionality was found between the amount of enzyme used 
and the amount of hydrolysis effected This is in accord with the 


a r, 1 activity of the amylopsin, a small amount of sodium car- 

added to ^ch flask In the reduction of Benedict's solution, the 
addiiinn rapidly till a milky precipitate appears Further 

each drop with constant boiling for several seconds between 
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theoretical analysis of the behavior of these enzymes discussed above 
The method used was that of Lueders, Bergeim and Rehfuss, which 
was considered the best clinical method recently proposed The method 
recently advanced by McClure, in which buflteis arc used to maintain 
a constant hydrogen ion concentiation thioughout the reaction, vas 
considered too complicated and time consuming to be of clinical value 
and was therefoie not employed In the method of Luedeis, Beigeim 
and Rehfuss, lipase and steapsin act on a 20 pei cent emulsion of olive 
oil and on a 5 per cent aqueous solution of gelatin, i espectively, for one 
hour The amount of fatty acids or amino-acids formed is determined 
by titration with tenth normal sodium hydroxid 

To obtain a simple and exact relationship in the quantitative deter- 
mination of trypsin and steapsin we have applied the “time law” of 
Hedin m the following manner Trypsin and steapsin are both active 
in a neutral oi a slightly alkaline medium Phenolphthaleiii begins to 
turn red at a /in of 8 4 If 1 c c of tenth normal sodium hydroxid is 
then added to 25 cc of the substrate, a deep led results and the 
hydrogen ion concentiation is not changed sufficiently to inhibit 
the enzyme The time required for tlie hydrolytic activity (amino-acid 
or fatty acid foimation) to neutralize this 1 cc of tenth normal sodium 
hydroxid and cause the disappearance of all pink in the substrate is in 
inverse ratio to the concentiation of the enzyme 

With steapsin (Table 4) 10 per cent olive oil emulsion - was used 
as substrate To 200 cc of olive oil emulsion, 2 cc of 1 per cent 
alcoholic solution of phenolphthaleiii is added by the addition of 
tenth normal sodium hydioxid the emulsion is brought to a per- 
manent light pink Twenty-five cubic centimeteis of this neutralized 
oil IS placed in each of eight 30 c c test tubes of uniform size To each 
of four of these tubes 1 cc of tenth normal sodium hydroxid is added, 
which produces a deep red The four remaining test tubes containing 
25 cc of neutiahzed oil aie used as controls The tubes are placed in 
a water bath at 37 5 degrees C , and this temperature is maintained 
throughout the period of observation To each tube and its control the 
same amount of duodenal contents is added from alee pipet gradu- 
ated to 0 01 c c The pipet is inserted to the bottom of the tube and its 
contents are gently blown into the substrate of oil while the pipet is 
being withdrawn In this way practically none of the ferment is lost 
The test tube is then shaken a few times by hand The time required for 
the disappearance of all pink b}^ comparison with the control tiilie 

2 To make olne oil emulsion (10 per cent ) 50 gm of gum arabic «:liou!d be 
placed m a mortar and 50 cc of pure olne oil added and rubbed into a smooth 
paste Then 50 c c of distilled water should be added and constanth stirred 
until white emulsion is formed More water, to a total solume of 500 cc 
should be gradualh added This should be kept in an icehov 
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(neutralization of 1 c c of tenth normal sodium hydroxid by the fatty 
acids developed) is determined in seconds and minutes. When the 
pink IS gone the tube is of a slightly hghtei yellow than the control tube, 
owing to the extra 1 cc of tenth normal sodium hydioxid that was 


fABLE 4— Time Requited foi Dtsapl>cataiicc of All Pink (N Luhahaation of 1 C c 
of Tenth Nonnal Sodium Ilydtoitd by Fatly Acids) 


Amount ol Duodenal Contents Used 

Case 1 

Case 2 

Cases 

Case 4 

Case 5 

0 4 c c 

l(imln 

2 min 

%mln 

%mtn 

60 see, 

0 2 c e 

VA min 

4 min 

l%mln 

1% min 

2 min 

0 1 c e 

2% min 

9 min 

3 min 

2% min 

6 min 

0 05 c c 

Gmin 

17 min 

Omln 

5V(;mln 

lO'yk min 


Tables — Time Requited foi Disappearance of All Pink (Ncutializaiion of 1 C c 
of Tenth Notmal Sodium Hydioxid by Amtno-Actds) 


Amount of Duodenal Contents Used 

Oasel 

Case 2 

Oases 

Case! 

Cases 

1 cc 

3 min 

V/s min 

10 min 

7 min 

3 min 

0 5 c c 

Gmin 

3 min 

20 min 

13 min 

6 min 

0 25 c c 

12 min 

7 min 

41 min 

SO min 

13 min 

0 125 c c 

24 min 

14 min 

Not de- 
termined 

67 min 

25 min 


Piotocol of Case 1 


Minutes Alter 
Addition ol 

Amount ol Duodenal nnzjmc to 

Contents Used Substrate RcmnrJ.s 

lee added when second hand ol watch 1 Red 

was at 60 1 PinL 

1 All pinX gone 

1 All pink gone (no lurthcr change) 

Conclusion Reaction complete m three minutes 


0 5 c c added when second hand ol watch S 
was at CO 1 

1 

1 

Conclusion Reaction complete in si\ minutes 


Red 

Pink 

Light pink 
All pink gone 

All pink gone (no lurthcr change) 


0 25 c c added when 
watch was at 60 


second hand ol 


Conclusion Reaction complete in tweUe minutes 


Red 

Pink 

Light pink 
411 pink gone 

All pink gone (no lurthcr change) 
All pink gone (no lurther change) 


0125 cc added when second hand ol 
watch was at 60 


S 

4 

2 

1 

1 

1 

1 

1 


Conclusion Reaction complete in 2i minutes 


Red 

Pink 

Light pink 
Paint pink 

Paint pink by comparison with control 
Paint pink by comparison w ith control 
All pink gone 
No lurther change 
No further change 


added In the tubes with the smaller quantities of enzymes the pink 
changes slowly In these, the reaction is watched foi a few minutes 
after all the pink has disappeared to make certain that no further change 
occurs (Case 1, Table 5) 
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With trypsin (Table 5) 5 per cent gelatin in an emulsion of iniiicicil 
oil ^ was used as substrate The same technic was employed as described 
for steapsin, except that larger amounts of duodenal contents were used 

Within the limits of experimental eiror, these tables show that the 
time requii ed to neutralize 1 c c of tenth normal sodium hydroxid is in 
inveise latio to the amount of feiment present The clinical application 
of these methods will be the subject of a future repoit 

SUMMARY 

1 Present clinical methods foi the quantitative deteimmation of 
panel eatic ferments are based on the determination of the amount of 
enzymatic activity obtained at the end of a fixed mteival of time (fioni 
one to twenty- four hours) 

2 However, m reveisible hydrolytic reactions no definite propoi- 
tionahty exists between the velocity of a reaction and the concentiation 
of an enzyme Only m the case of amylopsin, in which the factoi of 
1 evei sibility is negligible, does a direct lineai pi oportionahty exist 
between the amount of enzyme present and the amount of h>drohsis 
effected 

3 In leactions with tiypsin and steapsin a hneai jnojiot lion.ihli 
can be obtained by the application of the “time law” of Hcdin Tin 
time lequiied to obtain the same effect with vaiymg amounts of <in 
enzyme vanes inveisely with the concentration of the enzyme 

4 We have applied the “time law” of Hedin in a simple mannei that 
can be employed in quantitative tests for these ferments 

3 Gelatine emulsion (5 per cent ) is milky white and forms an excellent 
contrast medium for the pink of the phenolphtlialein Aqueous Rclatin 
solution is ligiit brown and does not contrast veil with a pink To make the 
emulsion 25 gm of highest grade gelatin should be added to 300 cc of distilled 
water and gradually heated to 60 degrees C till the gelatin is complctcb dissohed 
Fifty grams of best grade (vhitest grade) gum arabic and 50 cc of liquid 
petrolatum arc placed m a mortar and rubbed into a smooth paste, tlicn 50 cc 
of distilled water is gradually added with continual stirring When a homogeneous 
paste IS formed the heated gelatin solution should be added graduallj and stirred 
continualK A milky white emulsion is then formed Hot distilled water should 
be added slowdy till the total volume is 500 c c This should be kept in the icclxiv 
in 50 c c flasks When needed these are liquefied bj gentle heat in a v atcr bath 
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Clinical Features of Heart Disease An Interpretation of the Mechanics 
OF Diagnosis for Practitioners By LeRoy Crujisier, M D , Professor 
of Medicine, University of Nebraska With an introduction by Emanuel 
Libman, M D , Physician to Mount Sinai Hospital , Professor of Clinical 
Medicine, Columbia University, New York New York Paul B Hoeber, 
1925 

Few books have been written in recent jears on disease of the heart in 
which considerable space has not been devoted to the newer methods in cardiac 
diagnosis Not infrequently there has been a tendency to o\erestimale the value 
of the instruments of precision This book by Crummer, witii introduction b> 
Libman, is an exception to the general tendency in that the mechanical aids 
employed in cardiac diagnosis are considered in a short chapter of fifteen pages 
Emphasis is placed on the value of the simple methods of physical examination 
and careful clinical observations and at this time this fully justifies a work of 
this type The book is apparently not intended to make an extensive survey of 
the entire field A creditable balance is, however, maintained and several sug- 
gestions are made which should stimulate further careful clinical observation 
The book is easily read It will be a helpful guide to the practitioner and of 
interest and value to those particularly interested in cardiac disease 
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PERIPHERAL PULSATIONS IN THE VEINS IN CON- 
GESTIVE FAILURE OF THE HE MIT, ASSOCI- 
ATED WITI-I PULSATION OF THT: LIVER 
AND TRICUSPID REGURGITATION ’ 

WM J KERR, MD, am) S L \Vv\RRE\, MD 

SAN rRANClSCO 

Oul pin pose IS to oflci a means of aniving at an call) and moie 
definite knowledge of caidiac mcompetenc) b) calling attention to cci- 
tain well maiked pulsations in the peiiplicial veins 'J licse aic esiiccially 
pionotinced m the median basilic vein of tbe foicaim and in the \oins 
on the doisum of the hands, and they occuried in all of a senes of moie 
than fifty cases in which a diagnosis of caidiac faihiie and tiicuspid 
insufficiency had been made on othei clinical and ,inalomic giounds A 
laige nuinbei of compensated contiols did not show these pulsations 
The lelatively common occuiiencc of functional tiicusjiid insuffi- 
cieiicy IS not lecogni/ed by clinicians in gencial as often as it should be 
This has been pointed out fiequently by Mackenzie’ This fact was 
hi ought home to us when it ^\ab discoveied that quite a laige piopoition 
of the aveiage itin of patients at our disposal in the medical and suigical 
waids had some dcgiec of functional insufficiency though in the gieat 
majoiity of cases this was not suspected at the time When this fact 
was detei mined and the patient was given supjioitue tieatment. thcic 
w^as .1 decided iinpi oveinent in piognosis 

Venous pulsations in the jugulai \ems is the subject oi a laigc 
amount of hteiatuie This hteiatuie deals in pait with tiicuspid insuf- 
ficienc), its signs and S)mptoms in diagnosis, and m jiait with the intci- 
pietation of the giaphic icgistiation of renous pulsation Thcic aic 
only a few’ isolated lefeiences to pulsations in the peiipluial ^cln‘: 
These lefeienccs have not been given piojicr piominence nor has their 
significance been iccogni/cd m i elation to caidiac insufficicnc\ No 
single authoi, so fai as we weic able to asceitam. has e\ei dc{imt<l\ 
compiled a sciies of cases of venous pulsations m the jjeriohci.d \cms 
w’lth the idea of indicating then almost constant as'-oc.iation with tii- 
cuspid insufficienc\ oi then call) appeal ance with the finsct of (diges- 
tive lailuie Aside fiom their histoiical inteicst, thC'C icjjorts aic 

’^From the Dcinrtnicnt oi Mcdicnic Limcr-U of Cil’Tomii 1 

School 

1 M ichcnric of the Heart p ssr, 
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valuable in that they aie accuiate descnptions of cases comparable to 
some that we have obseived We quote at some length from certain 
early articles 

HISTORICAL REVIEW 

Davis - m 1827 (also cited b> King and otheis) leported a case of 
"remarkable pulsations in the veins” as follows 

“June 21, 1826, Margaret Connor, aet 6, emaciated, whooping cough four 
months previously with poor recovery, vomiting for last ten days Pulse 88, 
slightly irregular, full and pretty strong, constipated, pctechiae resembling 
purpura simplex and a miliary ^eslcular eruption on chest and neck" 

“Pulsations in all the veins, distinct and well marked, synchronous witli 
that of the arteries and in the veins of the extremities, perceptible to the 
eye even at a distance of 2 yards The veins were rather larger than is 
usual at her period of life and pressure upon any of them stopped the pulsa- 
tion between the point compressed and the heart, so that it obviously could 
not be caused by regurgitation from the auricle” Necropsy showed hydro- 
pencardium and “the left ventricle of the heart was somewhat enlarged and 
firmer than natural ” The rest was normal The arteries were injected and 
showed no enlarged communications with the veins and no arteries were found 
near these veins “which could throw a doubt on the fact that the pulsation 
had been continued through the arteries and capillaries to the veins ” 

Ward" m 1832 leported a "smgtilai effect of castor oil ” 

A woman, aged 30, five months pregnant, had fever, cough and generalized 
pains, dyspnea, rapid pulse and exhaustion from catharsis and bleeding Three 
days following miscarriage. Ward says, “she was sitting up, and I observed 
that the veins of her hands were greatly distended and pulsated with great 
violence The skin being very pellucid, the pulse was rery distinct in the 
small ramifications of the fingers, in which the blood was of the arterial color, 
the larger veins being darker but not so blue as usual The pulsation extended 
beyond the middle of the forearm and was not stopped by pressure upon the 
veins at any point above, though it was stopped by pressure below the pulsating 
parts whether on fingers or back of hand” It was synchronous with the 
radial pulse which beat high The pulsations continued for three days and 
gradually disappeared, after which there was some transitory edema of the 
legs He thought that the “excessive reaction of the heart pushing the thin 
and impoverished blood through the capillaiies right on into the veins” 
overcame the restrictions of the capillary bed 

Graves ^ (1833), cited b) King, saw a patient with Dr Ii eland and 
Mr Crampton He says 

She had a violent attack of peritonitis and during the course of her illness 
we observed this leaping of the arteries, accompanied by a visible pulsation 
in the veins on the back of the hand, yet both entirely ceased when the 
inflammation subsided 

Benson ® ( 1836) , in a comprehensive papei i eported a case of 
Vciious pulsation in the uppei extiemities, on section he detei mined to 

2 Davis Dublin Hosp Rep 4 272-275, 1827 

3 Ward London M Gaz 10 376, 1832 

4 Graves London M & S T 3 77, 1833 

5 Benson Dublin J Med & Chem Sc 8 324-332 1836 
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his own satisfaction “that h3pei tropin with dilatation oi tlic riglit \c‘n- 
tricle w'as the tine cause ” The following is a biief resume of the 

Ivlarj Oliver, aged 60, was alcoholic, weak, pile and ciinci itcd dlicre 
w'crc marked pulsation of the heart and loud murmurs o\cr all the precordi i 
She became comatose and pulsations were noted in "ceerj superficial \cm 
of the two upper cctrcmitics ” The pulsations m the distended ^ems wen 
synchronous with the radial pulsations though a little later The \eins of 
the trunk and lower extremities were motionless The jugular and carotid 
veins beat eehemcntly He sajs that the ‘internal jugulars bee ime greath 
distended and collapsed during each act of respiration, whilst a confined 
tremulous pulse incessantly agitated them ” V'enous section of 10 ounces 
(295 cc) relieved the patient and caused the “pulsations to disappear I he 
blood did not come per saltum although pulsation w’as obsericd in some of 
the veins below' the bandage” Four da>s later the pulsations returned 

“AIj colleagues and the hospital pupils now joined me in obscr\ing the 
pulsations and the Aeiiis were seen to rise and fall with respiration, becoming 
turgid towards the end of respiration and fl.iccid when inspiration w is nearlj, 
complete In both states, however, their pulsation went on regiilirh, beating 
as often as the arterj, eighty m a minute, but a little after it Then, was no 
doubt of this, though the interval was tcr 3 minute” On venous section from 
the cephalic vein to obviate arterial pulsations, the blood "nowed dislmclh 
per saltum It w'as like arterial blood in color but of much thinner con- 
sistency” “After removal of eight ounces, the pulsations ceased” The piticnt 
died the next night 

Befoie section, there w'ere tw'O opinions as to the cause of the pulsating 
teins These may be presented in full because thej point out the situation 
as it stands today, and the proof that Benson ofters for his contention holds 
equallj' w'ell now Furthermore, it is similar to that offered b\ us (some 
eighty-seven years later) 

“Fust, that the pulsation was derived from the left side of the heart, sending 
on its blood through the capillaries into the veins, second, that it was derived 
from the right side of the heart, and depended on rcguigitation ” “In support 
of the former opinion, it W’as observed, first, that pressure on the braebi il 
or subclavian arteries stopped the pulsation, but that it was uinffectid Iw 
pressing on a vein, second, that the valves acted perfcctlv as could be seen 
by emptying a portion of vein just below a valve, and therefore that regurgit i- 
tion was impossible, third, that the venous pulse occurred at such an interval 
after the arterial as was inconsistent with regurgitation, but might be expected 
if the blood had to travel round bj the capillaries, and fourth tbit the 
debilitated condition of tbe patient might have so relaxed the capillaries as 
to allow of an unusuallj free communication between the arteries and veins” 

“In answer to these arguments and in favor of regurgitation, it w is urged, 
first, that pressure on the brachial or subclav lan arteries also acted more or 
less on the principal veins which accompanied them, besides bv diminisbing 
tbe quantity of fluid which the veins received it would render their puls itidu 
less evident, in the same vvaj that the bleeding did, but that the tree an istomosis 
would make amends for the slight interruption occasioned bv pressing on a 
superficial vein second, that though the valves acted well when the >tin a^ 
emptied behind them, thev would not prevent an impulse from being eon <\ed 
along the column of blood in a distended vessel and that, in r<c*, it <->rh 
valve were merelv thrown suddenlv across the venous tube it would cause a 
venous pulse, though ever so perfect m its valvular function, third, th'*t the 
vielding coals of the veins would serve to retard the rapiditv of tbe returning 
wave and thus account for the moment irv delav in their beat, ''iid lourth 
that the arterial pulse was not strong enough to juslnv us in suppo'^ing ih-x 
it could be continued on to the veins, nor v a- there =rv ground for -n.n 
that the capillaries were relaxed” 
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At section, twelve hours after death, there were found geneialized fibrous 
adhesions of the pleura, the lungs were free from disease and not even 
congested The heart was markedb' dilated and hypertrophied to twice the 
usual size “The right auricle was dilated and a little hypertrophied The 
right aunculoventricular opening was veiy large and gaping The right 
ventricle was dilated and hypertrophied Its cavity tvas twice as large and 
Its walls twice as thick as usual The floating margins of the tricuspid valves 
were thickened and studded with small cartilaginous nodules The pulmonar} 
valves were slightly thickened and the left auricle and ventricle slightly dilated 
and thickened There was marked mitral stenosis with calcareous deposits 
Thickened insufficient aortic valves General atheroma Abdominal viscera 
were health> ’’ The venous valves were competent , the weak left ventricle, 
m his opinion, could not have forced blood past the obstructions of the aortic 
valves and the calcareous aorta through the capillaries to cause the veins to 
pulsate The pulse was not “from the right auricle, for then diastole always 
followed, though at an exceedingly short interval, the diastole of the arteries” 
It was not from the “coats of the veins nor in the neighboring 

arteries” He suggests that an h>pcrtrophicd right ventricle and a dilated 
aunculoventricular opening would allow regurgitation into the auricle of con- 
siderable force to communicate an impulse to the dilated veins “even to their 
small ramifications” The propagation of their impulse depended on the dis- 
tended veins and not on the insufficiencv of their valves Benson points out 
that the interpretation of this and other cases reported (most of which are 
reviewed here) was fundamentally wrong and that “the dissection proved, I 
think, incontestably that hypertrophj with dilatation of the right ventricle was 
the true cause” (p 331) 

King® (1837), in his "Essay on the Safety Valve Function in the 
Right Ventricle of the Human Heait,” makes several peisonal observa- 
tions on pulsating veins As these observations aie unique, we are 
justified in quoting at some length In his paiag^aph, "Venous Pulse 
in Health and Disease” (p 107), he points out that on immersing the 
hand in waim water a venous pulsation equal in legularity and number 
if not synchronous vvuth the aiteiial pulse can be seen in the cephalic 
vein This pulsation causes an increase of the jet during venous section 
with each arteiial pulsation He suspects the capillary circulation of 
allowing the ventuculai systole to penetrate to the veins (p 106) , i e , 

that the chief force is the ventnculai imjiulse, through the arterial 
tubes and capillaries, into the veins of ev'ery part ” 

He sajrs, I was, some time since, smpiised to find, that upon lying 
on my back in the sunlight, after dinner, the large mesian veins of my 
forehead weie visibly pulsating They aie natuially of full size, and 
having become distended, a lather slow and slight diastole was seen, by 
the aid of a mirror, with oi a little later than each temporal pulse ” He 
naively explains in a footnote that he had had a model ate dinner "with 
one glass of porter and nearly as much water” one-half hour before 
He repeated the observation and said, "Having taken water only, my 
veins still beat Another time, while hungry, he found it necessary to 
e ev'ate his feet to bung out the pulsation in the engoiged veins (This 
is rather an expose of his appetite ) 


6 King Guj’s Hosp Rep 2 104-178, 1837 
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To obviate the charge of the “will to see/' he has had others beside 
himself veiify these pulsations in seveial cases “On more 

than one occasion of unusual vascular excitement, I have also seen the 
doisal veins of my own hands beating" — also of the leg and foot 
(p 109) He affixed a waxed tin cad 2 inches (5 cm ) long with a 
little tallow to the veins of the hand and demonstrated the pulsations 
as diffeiing markedly fiom the arteiial beating “In some veins, which, 
by a semiiotation of the hand may be placed either in front or poste- 
rioily, the effect has been the same,” i e , he has tried to rule out the 
effect of an adjacent aiteiy By means of this capillary level, he 
detei mined that the slow pulsations in a small superficial vein were 
manifestly latei than the quick ladial pulse 

In tile pursuit of the same study, I lyas attending Di Bright in his visits 
to the wards of the hospital, and found two men with visibly pulsating veins 
on the backs of their hands The doctor not only saw, but thought 

he could feel, the venous diastole, the wiist being all the while embraced with 
some firmness to render the veins laigc The patient had an hypertrophic heart 
and a very powerful pulse, his veins were rather few In the second instance, 



Fig 1 (Case 1) — Tracings obtained with glass capsule on median basilic 
vein in mitral stenosis with fibrillation 1, brachial and radial systole prac- 
tically synchronous , B, Avave transmitted from brachial artery similar to C 
Avave in jugular pulse, 2, peak of venous pulsation in diastole of radial pulse, 
V, similar to V Avave of jugular pulse, 3, end of venous pulsation and beginning 
of systole, and 4, beginning of venous pulsation at time of middle of radial 
systole (approximately onc-fifth second after beginning of systole) In some 
tracings the brachial artery Avave is absent Ihis is best shoAvn Avhen the 
skin IS kept loose and the capsule applied as far from the pulsating artery as 
possible 

Avliich Avas less marked, the man had had renal anasarca for sixteen days 
His heart probably Avas not quite sound The pulse was soft and tolerably 
good He Avas perspiimg profusely The doisal veins of the hands Avere 
pretty numerous and large and they Avere covered AVith abundance of hair, 
which Avas remarkable for the reason that the veins not only beat visibly in 
many places, but that particulai hairs, which Avere Avell adapted for the puipose, 
seemed to form so many natural sphygmometers It Avas here also necessary 
to enlarge the veins by gently grasping the wrist 

He cites the case of a giil, aged 11 years, AVith purpura and fever, 
during which, he says, “on veiy gently grasping the wrist in feeling the 
pulse, I observed for seveial days the numerous and lather full veins 
of the hand both prominent and beating There was in all of them a 
veiy distinct diastole and systole ” The patient died shortly after The 
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lungs were edematous the “heai t’s substance health} the blood watery 
There were pale h}pei trophic l\.idne}s and suppuration of the parotid 

King was the fiist to compile the cases in which venous pulsations 
of the extremities had been previously noted He sa} s, The earliest 
notice I have been able to find of a similar case is that which Haller 
{Elementa Phys-iologtac, T II, p 256) has quoted, and single instances 
have been more recentl} i elated by Stcinbuch (Id p)act Hedkunde, 
Septembei 1815), in the PJuladcIpJm Join ml (Graves), b} Sundehn 
(Arch f Med Eifahr 1822), by Beyer (J Covtphvicnfav c, T XXI, 
1825), by Davis = of Dublin by Elhston (Bliimcnbach’s Ph}Siology, last 
edition), by Ward,’’ b} Graves ‘ (rvho indeed iccords two), and lastl} 
by Benson ” “ 

Bernard" (1862), during stimulation of the lingual nene, noted 
that the blood vessels of the submaxillai} gland dilated and the pulse 
could be seen in the capillaries and veins and that the blood flowed from 
the veins blight and led and spurting, as if from an arter} This was 
probably a tiue lelaxation of the capillary bed Such a condition might 
occur in the supeificial leins of the hands, etc, but usual!} with the 
venous congestion of tiicuspid insufiicienci theie is a low' blood pres- 
sure because of the weakened nnocardiiim Thei could aiise from some 
vasomotor disturbance wdiich should be found independenlh of tricuspid 
insufficiency 

Friedreich® (1866) noted simple jnilsation of the left forehead and 
temple veins, vena cephahea anlcbiachii dcxtia, and the ictinal \eins 
in a case m which neciopsy show'cd, besides other pathologic conditions, 
a dilated and laige right heait wnlh scleiotic insufficient tricuspid 
valves He suggested that tricuspid insufficiency in this case w'as first 
accompanied by a full and pulsating liver and later by the engorgement 
and reflux overcoming the venous valves, and that the pulsations 
appeared in the jugulai bulb, the external jugulai and finally in the 
vena cephahea antebrachii dextia The vein valves were in good shape 
at necropsy He considered hvei pulsations as pathognomonic for 
tricuspid insufficiencv He saw pulsating veins on the forehead in a 
similar case in which on section a i emai kable dilatation of the v ena cav a 
as well as a dilated right auricle w ei e pi esent 

He reviewed the literatuie thoioughly foi venous pulsations in the 
extremities (p 275) and cites observations of such pulsations bv Hom- 
bert, Zuhani and Elliotson He lemarked that pulsations in the facial 
veins had not been mentioned before his two cases w'eie reported This 
IS the first mention of pulsations in the i etinal v^eins in this connection 
He also cites Mav'ey, who, with Goubler and Veineuil, noted pulsation 
in v^aricose veins of one leg In 1867, Friedreich cited Walshe as having 

7 Bernard J de Physiol ct Path 5 383-418 1862, 1 233, 649 658. 1858 

8 Friedreich Handb d spec Path u Therap 5 192, 1867 

9 Friedreich Deutsch Arch f klin Med 1 241-291, 1866 
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noted pulsations in the vena mammaria He thought the reason for 
the moie common appeal ance of maiked jugular pulsations on the right 
side was the position of the light innominate tiunk 

Quinclce^® in 1868 desciibed pulsating veins m the hands and feet 
of an anemic girl, the foiearm and hands of a noimal youth with a 
cord injury which had caused vasodilatation of the arms, a case of 
cholelithiasis in a woman, aged 50, with aortic insufficiency and hyper- 
tension, and on his own hands when the veins were dilated, by heat 
His criteria for seeing these pulsations are a thin transparent skin free 
from edema and well filled veins that stand out well He mentioned 
pulsations in the vena centralis retinae as commonly seen In the case 
of A asodilatation the pulsations may well be transmitted from the arte- 
iibles as in Beinaid’s observation 

Friedreich (1878) says, “Ich glaube den cruralvenenklappenton 
fur ein ebenso sicheies Zeinchen fur die Diagnose einer Insufficienz der 
Tncuspidal Klappe, betrachten zu konnen, als den fruher von mir 
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Fig 2 (Case 1) — Tracing obtained vith intra\enous needle in median basilic 
^eln 1, beginning of radial systole, absence of brachial artery pulsation in 
absolutely smooth venous curves , tambour levers show onlv one pulsation , 
auricular waves are absent as fibrillation is present 2 dicrotic notch just 
after the beginning of the venous wmve , 3, end of radial pulse wave just before 
the end of the venous w'ave, with the summit between 2 and 3 

beschnebenen Lebeivenenpuls ” He describes several cases chaiac- 
teristic of mitral and tricuspid insufficiency, all of which showed the 
venous double tone in the “ciuial” vein and one of which presented a 
maikedly pulsating median vein of the forearm The first “crural” 
tone he thinks is due to the auricular systole and the second to ventricular 
reflux — they aie accentuated and bi ought out b}'- light piessure with 
the stethoscope 

Gerhardt in 1894 noted a few pulsating veins over the manubrium 
in a case of mitral and tricuspid insufficiency with pulsating liver, 
pulsations in the crural veins and edema In 1902 he was of 
the opinion that diastolic collapse is occasionally seen in the small 

10 Quincke Berl khn Wchnschr 34 357, 1868 

11 Friedreich Arch f khn Med 21 205-258, 1878 

12 Gerhardt Arch f exper Path u Pharmakol 34 402-405, 1894 

13 Gerhardt Arch f exper Path 47 250-266, 1902 
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veins, 1 e external jugular, blanches of the external mamillary and, 
seldom, the arm veins, while the great veins show systolic pulsation 
Gaertnei “ m 1903 fiequently observed venous pulsations while 
reading venous pressures by his method 

Babcock (1903), in his chapter on aortic regurgitation, spoke 
about a slow undulating venous pulse in the superior veins of the hand 
and forearm when they hang down so that the veins are turgid This 
IS especially piominent when arterial tension is low, as in fevers, 
anemia, etc 

Sewall’^® in 1906 stated that the veins of the forearm swell and 
contract with respiiation and the pulse beat, and that a paper ler^er 
applied across them will show the oscillations 

Preble in 1906 noted pulsations in the veins on the chest rvall and 
uppei arm in three patients with peinicious anemia who died soon after- 
ward The liver was not much enlarged There was moderate dilata- 
tion of the heart and slight edema of the legs No murmur was heard 
in any of the three cases 



Fig 3 (Case 2) — The pulsations obtained with the glass capsule on the 
basilic veins show three waves, comparable with the tjpc of jugular pulse 
(Figs 4 and 5) 1, the short systolic wave winch must be that due to the 

brachial artery and similar to the C wave in the jugular pulse is hidden in the 
end of the long wave and occurs at the same time as the radial systole, 2, the 
dicrotic notch of the radial systole is at the same tune as the beginning of 
the venous, or R, wave (Fig 2), and 3, is on the crest of the wave after the 
dicrotic notch of the radial pulse and on the crest of the venous wave, F, or 
the same as 2 m Figure 2 and 3 m Figure 6, 4, the little \vaves seen to occur 
between F B and occasionally registered on the tracing must be the A waves 
as they are at the interval in which thev appear on the jugular tracings 
AV = about 2/5 second VA=:less than 1/5 second 

The pulsations seen by Staehelm and Ortner^® (1913) in cases of 
tricuspid insufficiency were m the jugular vein and bulb, the liver (in 
which the wave may be eailier than in the neck), and the skin veins 
of the lower extremities They noted that pulsations are especially 
marked in the neck if the liver is compressed 

14 Gaertner Munchen med Wchnschr 50 2038-2041, 1903 

15 Babcock Diseases of the Heart and Arterial System, 1903 

16 Sewall, H J A M A 47 1279 (Oct 20) 1906 

17 Preble Am J Med Sc 132 393, 1906 

18 Staehelm and Ortner, in Krause Klinische Diagnose, 1913 pp 219 and 

252-253 ’ 
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Pezzi and Gaspeiim^® (1914) lepor^ed thiee cases with A and V 
waves in the hvei and femoral vein tiacings as chai actenstic of cases of 
ti icuspid insufficiency 

Wilson,-” in Nelson’s S}stem (1920), said that "the peiipheial veins 
sometimes pulsate in exophthalmic goiter but venous pulsation is 
oidinaiily confined to the internal and external jugular veins” 

Hill in 1921, in studying the prcssuies in the small arteries 
capillaiies and veins of a bat’s wing, said, "A slow, ihythmic pulsation, 
as IS well known helps to maintain the flow in the veins of the bat’s 
wing This IS little evident in the hot blooded state when the velocity 
of flow in the arteiies and veins is very fast ” 

It would appeal, theiefoie, that in offeiing our intei pi etation of 
pulsations in peiipheial veins in a laige series of cases, we are following 
the lead of numeious obseivations in the hteiature It is sti iking that 
these obseivations should have been repoited most accuiately at a time 
when the piactice of medicine was moie of an ait and less dependent 
on routine laboiatoiy technic At that time also venesection brought 
moi e attention to the ^ eins than is usual at the present time 



Fig 4 (Case 2) — Ventricular type of jugular venous pulse, systolic blood 
pressure 100, diastolic 84 , radial rate 100-90, taken just after Figure 3 AV 
= about 2/5 second VA = less than 1/5 second 

METHOD 

The patient is usually in a semi-Fowlei position oi flat on his back 
in bed The light should be adjusted so as to come from the side 
Daylight is piefeiable to aitificial light unless a fairly strong diffuse 
white light can be obtained The observer should be seated comfortably 
on a chair diawn up to the beside The patient’s aim should be held 
in moderate abduction and supported at the elbow and wiist by allow- 
ing it to rest on the palms of the hands Raising the elbow giadually 
while flexing the foieaim gently back and foith on the aim will soon 
enable one to find the level of collapse of the veins at any point The 
“critical point” of venous collapse is a lOUgh estimate of the venous 
pressuie (method of Gaeitnei ) and thus an index to the relative amount 
of venous congestion 

19 Pezzi and Gaspenni Arch mal du coeui 7 593-608, 1914 

20 Wilson Nelson’s Loose-Leaf Living Medicine 4 415, 1920 

21 Hill, A V Proc Phys Soc , February, 1921 , J Physiol 54 332 
(March) 1921 
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The laige branches of the basilic \em seem best fitted for making 
these obsei vations as thcj ai e m an ai ea where the skin is thin some- 
what transpaient and usual]} deioid of much fat or edema The basilic 
vein is usually made up of thiee blanches which unite in the region of 
the median condyle on the vential oi mesial suiface of the cubital fossa 

In positive cases the pulsations vaiy from a mere flicker to large 
exclusions of from 2 to 3 cm , depending on the state of engorgement 
and the degiee of insufficienc} In doubtful cases, if the forearm is 
kept only slight!) flexed so that the surface of the venous level is spiead 
along a centimeter oi so of vein, the faint flicker may be inoie easih 
detected Also, if the reins aie shipped proximall), b} light massage 
with the finger the pulsations may be more readih identified imme- 
diateh after each stioke 

Obrioush this method is not applicable to the obese with veins 
buried in fat in women wuth rei) small veins, in cases with legional 
edema or in wdnch the reins have been obliterated by thrombi or 
renous section or obscuied b) subcutaneous hemorrhage or injections 
The pulsations ma) be magnified b) placing a strip of paper or a 
thiead or by obsei rung convenientlr placed hairs (the spin gmoineter 
of King) 

Tracings of these pulsations aie obtained br means of a glass cap- 
sule connected rvith a sensitire pol) graph The capsule should be 
slightl) elongated and shaped to fit the arm over the rein It is 
fastened m place by collodion and should not obstruct the course of the 
pulsations beneath it The best excursions of the rrritmg pen are 
obtained b) causing the collapsing point of the renous column to fall 
just beneath the capsule The legistiation of these pulsations lequires 
some delicacy of adjustment and much piactice, as they hare norvhere 
neai the volume nor the foice of the jugular pulse Srnchronous 
radial, jugular or apex tracings are also taken 

In noiinal individuals and controls, rve have been unsuccessful in 
seeing oi obtaining pulsations fiom the rein m this manner, but occa- 
sionally a small sharp sjstohc rvare is obtained from the brachial artery 
nearby The collapsing point of the veins rr as noted, nsiiall) rvith the 
patient flat on his back if possible, oi in relation to the xiphisterniim or 
fifth costochondnal junction (Gaertner) in semi-Forvler position 

Occasionally, the venous piessuie rvas measiiied br a method slightly 
modified from that of Hookei " oi directly rvith a rvater manometer by 
means of a large intiarenous needle in the vein Several tracings of the 
pulsations rvere obtained fiom the manometer during the latter proce- 
dure The usual notations on the size of the heart, murmurs, blood pres- 
sure and pulse rate and the changes in response to tieatment also rveie 
recorded 


22 DR Am T Phrsiol 35 73, 1914, ibid 40 43 (March) 1916 

Hooker, D R, and Ejster Bull Johns Hopkins Hosp 19 274, 1908 
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Pnm (1904) Sewall (1906), Hookei (1914) and others have 
shown that the venous pi essui e has a diurnal as well as other physiologic 
vaiiations for noimal subjects, the usual piessure being from 3 to 
11 cm of watei Baiach and Maiks"^ found that in six heart cases 
only one vaiied fiom the noimal Schott-^ (1912) found that the 
greatei the insufficiency of the myocaidium the greatei the use in 
venous pi essui e following exeicise 

In the majoiity of oui cases, the aitenal pi essui e was low and the 
\olume and tension of the ladial pulse poor The venous prcssuie, 
while it tended to be high, especially dining the periods of tricuspid 
insufficiencv, vaiied a gieat deal dining the course of the individual 
case and seemed to depend on the state of compensation The normal 
vaiied between 6 and 12 cm of watei, with the patient reclining In 
marked decompensation with excessive venous congestion and cyanosis, 
the pressuie in two cases lose as high as 22-24 cm of water but usually 
was 111 the neighboihood of 15 cm 



Fig 5 (Case 2) — Right jugular pulse and right median basilic vein imme- 
diately after Figure 4 with less swing to the jugular pens 

EXPERIMENTAL OBSERV\TIONS 

We have compiled fifty-six cases, mostly within the period between 
Septembei, 1921, and May, 1922, all showing pulsations in the basilic 
A’’eins at some peiiod of then stay in the hospital Manj of these cases 
have been iindei obseivation foi a long time When caiefully examined, 
all these cases have shown a certain degiee of myocaidial damage and 
most of the signs and symptoms of the tiicnpsid syndiome (1) cyanosis 
and dyspnea, (2) edema and ascites, (3) dilated light heart to pei- 
cussion, to fluoioscope and to ladiocaidiogiam , (4) a systolic muimur 
heaid best ovei the lowei pait of the sternum, (5) a large, pulsating or 
tender hvei , (6) maiked pulsations in the jugulai veins of the ventric- 
ulai type and usually showing a split V wave by polygraph, (7) 
increased venous pressuie (12-16 cm of watei) , (8) pulsations in the 
peripheial veins, especially the basilic (both visible and palpable) ; 

23 Hooker (Footnote 22, first refeience) 

24 Barach, J H , and Marks, W L Arch Int Med 11 485 (May) 1913 

25 Schott Deutsch Arch f khn Med 107 375, 1912 
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(9) myocardial damage, shown by electi ocardiograms, and occasionally 
right-sided h^peitiophy The hearts of sonic eight of these cases have 
been examined at necrops} The Incupsid valves in each case have 
appeared incompetent and the orifice dilated All the cases have a 
clinical diagnosis of chronic myocaiditis 

The largest gioup is the ai tei losclerotic division in which there are 
sixteen cases, three of nhich had In pei trophied prostates Eleven of 
these are known to be dead, ihiee have a pool prognosis, and one is 
unknown Rheumatic caiditis (showing these pulsations) with twelve 
cases is next Three of these aie subacute The lemainder have mitral 
stenosis as then chief lesion Four of the patients aie dead and the 
remaindei have a fan piognosis Theie aie eleven cases of anemia of 
some t} pe Seven are dead , tw'o offci a pool and one a fan prognosis, 
and the state of one is unknowm There are ten cases of a ni} ocarditis on 
a toxic basis — eight of these are due to hjpeiplasia of the thjroid (three 
of wdnch aie dead), one to plumbism and one to obstiuctive jaundice 
(dead) The six sumvois offer a good prognosis There arc five 
cases m which syphilis pkns the niajot part — two of the patients are 
dead and one case in wdnch there is an aneui}sm offers a poor piognosis 
In the remaining tw'O, the piognosis is onK fan Two other cases offer 
a good prognosis, one of complete heai t block and one of eventration of 
the diaphragm Thus, of fift}-six cases theie aie tw^enty-eight, or 50 
pel cent, in which the patients aie known to be dead, four offer a 
poor prognosis, and only eight offer a good pi ognosis 

PROGKOSIS 

In the piesence of extensive valvular lesions and maiked decompen- 
sation, we ventuie to offei a poor prognosis as the \enous pulsations 
in the -veins aie usually an indication of pronounced heart failure In 
support of this, w'e have tw'ent) -eight cases in which inaiked pulsations 
developed the last few days oi weeks before death All of these cases 
had a myocarditis and most of them oiganic valvular lesions as w^ell 
Only foui cases lemain of this gioup of badly decompensated hearts in 
which marked venous pulsations weie consideied an indication for a 
poor piognosis, and then numbei is deci easing steadily Thus thirty- 
two of fifty cases developing the pulsations piesented definitel} a vmiy 
pool prognosis at the time Of the remaindei, the appearance of these 
pulsations may be consideied a w’^armng sign of early heart failuie 

The most striking examples aie eight cases of marked thyrotoxicosis 
(fiom a series of some fifty observed) in which, follownng suitable 
treatment of the thyroid, the pulsations disappeared and the patient 
whose myocardium was not badly damaged completely recoveied (five 
cases) Syphilis, wdien it is amenable to treatment, falls in the same 
categon In seveial patients wnth decompensated heaits who had shown 
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pulsations and m whom the pulsations had disappeared under tieatment, 
some extra stiain, such as getting out of bed and going to the lavatoiy, 
would cause the pulsations to reappeai Along with this the cyanosis 
and d}spnea increased and a systolic muimui was usually detected 
wheie it has been absent just befoie Suitable lest then caused the 
subsidence of symptoms and disappearance of the pulsations in a few 
hours Mackenzie states in his chaptei on piognosis (p 348) that “m 
estimating the value of any abnoimal sign or in determining the condi- 
tion of a heait, the most leliable guide is the mannei in which the heart 
responds to exeition This again is but an attempt to estimate the 
amount of leseive foice’’ Usually othei clinical signs also wain the 
clinician of impending dangei The pulsating veins may be, however, 
the fiist outstanding sign m the couise of the case 

Some ti\ ent} -one hospital patients, taken as they came in the wards, 
and ten noimal adults weie obseiied caiefully over quite a period of 
time without showing the pulsations Only two of these patients had 
heait disease, and they weie well compensated Acute rheumatic hearts 
do not show these pulsations as a i ule except when they become acutely 
decompensated One case followed for four months showed them only 
t\vice and then only aftei the patient got out of bed against ordeis 
Vei) often while examining in a routine mannei supposed controls, 
we would find unsuspected signs of eaily heait failuie and the pulsating 
basilic veins We have examined within the last thiee years, since 
these observations weie started, seveial thousand or so of ambulatoiy, 
well compensated clinic patients without having seen the pulsating vein 
once, yet one oi two patients appioaching decompensation who show 
them can usually be found m the clinic oi in the waid 

Since the data foi these cases was compiled, we have recorded fifty 
of more cases showing these pulsations 

Observations on the letinal veins suggest that pulsating retinal 
veins have the same significance as othei pulsating peiipheral veins 
The following five cases aie typical and indicate some of the vaiious 
conditions in which the pulsations may be found 

REPORT or CASES 

Case 1 — A S , a man, aged 46, was under observation from March 1 to 
May 26, 1921 The clinical diagnosis was chronic carditis, endocarditis, with 
mitral stenosis and insufficiency, aortic insufficiency, relative tricuspid msufficienc} , 
chronic myocarditis and chronic pericarditis There was marked decompensation 
cyanosis, dyspnea, orthopnea, edema, ascites , marked venous congestion with 
pulsating jugular and basilic veins and a large, pulsating, tender liver There 
was a large overactive, irregular heart, and it was difficult to differentiate the 
systolic tricuspid murmur from the loud murmuis heard all over the precordia 
The blood pressure was 120 systolic, 90 diastolic, the rate was 70-100 and 
irregular The patient was receiving digitalis The venous pulsations were 
present off and on during the three months the patient was under observation, 
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and they were very prominent during the last month just before death They 
disappeared with improvement or on relief of the congestion by venous section 
and returned wthout fail whenever the patient began to feel dyspneic and 
uncomfortable again with the breaking of compensation 

April 14, 1921, the pulsations m the basilic veins were marked Venous 
collapse occurred at the level of the upper border of the clavicle, approximately 
22 cm above the xiphisternum (fifth rib) with the patient in semi-Fowler 
position The excursion of the waves at their optimum level was about 2 cm 
The venous pressure in the basilic vein with the capsule and mercury surface 
level with the xiphisternum (fifth rib) averaged 16 mm of mercury (seventeen 
determinations) This is equivalent to 208 cm of water The blood pressure 
was 117 systolic, 75 diastolic The radial pulse was 84 

April 19, 1921, the patient was very dyspneic and cyanotic Venous collapse 
occurred at 22-23 cm above the xiphisternum (fifth rib) with the patient 
in semi-Fowler position A saline solution manometer was connected to the 
basilic vein by an intravenous needle With the vein and surface of the liquid 
in the manometer level with the manubrium 15 cm above the xiphisternum 
(fifth rib), there was a rise of 64 cm in the saline solution column when 
the connection was made Therefore, the venous pressure was equivalent to 
21 4 cm of saline solution Vertical excursions in the manometer column 
of 0 7 cm occurred with each heart beat These were registered by a polygraph 
(Fig 2) These tracings lacked the small, sharp brachial artery wave shown 
in the tracings obtained by the capsule on the skin, and may be considered 
as the true venous pulsations as they seem to the eye and finger The blood 
pressure was 120 systolic, 80 diastolic The radial pulse was 88 

From May 1 to 26, the decompensation was' increasing with occasional 
relief by venesection The pulsations were visible at all times except after 
venesection 

A section was made. May 26, six hours after the patient’s death The heart 
weighed 800 gm , there was typical cor bovinum The right ventricular wall 
was from 6 to 8 mm and the left ventricular wall from 10 to 12 mm thick 
The circumference of the valvular rings was as follows Aortic, 65 mm 
mitral 30 mm, pulmonary 85 mm, tncuspic 130 mm. The chorda tendineae 
were all thickened and those to the mitral leaflets were very broad (1 cm) 
and calcareous The tricuspid valves appeared to be incompetent and the ring 
relaxed 

The anatomic diagnosis was marked genera] cardiac hypertrophy and 
dilatation, chronic mitral and aortic valvulitis with marked stenosis of the 
mitral valve, less marked of the aortic, fibrosis with calcification of the 
chorda tendineae to the mitral leaflets with ulceration of the superficial auricular 
surface and acute thrombus formation, subacute thrombotic endocarditis of 
both auricles, especially the right, fibrous pericarditis and hydropericardium, 
general chronic passive congestion, compression atelectasis of the left lung, 
bronchopneumonia of the right lung There were multiple areas of fibrosis 
of the right lung and obliterating pleural adhesions about the mesial surface 
of the lung on the left, cholelithiasis, fibrous adhesions between the right 
lobe of the liver and the diaphragm and about the spleen , focal splenic capsular 
fibrosis, an anemic infarct of the right kidney, slight chronic interstitial 
nephritis, and multiple erosions of the gastric mucosa 

Case 2 — K man, aged 55, suffered from generalized arteriosclerosis, 
angmoid attacks , cardiac myomalacia , marked decompensation, with dyspnea 
cyanosis, orthopnea, edema and ascites, a large, tender, pulsating liver, and 
marked pulsations in the jugular and basilic veins and of the dorsal veins 
of the hands There was a systolic murmur at the xiphisternum and, ques- 
tionably, a tricuspid murmur General improvement was noted under treatment 
vith a disappearance of the pulsations in the basilic veins two days before the 
patient was discharged at his own request 
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The patient leturned in an ambulance the following night badly decom- 
pensated, with marked venous pulsations and a loud systolic, definitely a 
tricuspid murmur ovei the xiphisternum Direct readings with a venous needle 
sho\\ed a venous pressure of 14 3 cm of saline solution The collapsing point 
of the veins was 17 cm above the junction of the fifth rib with the sternum 
(patient in semi-Fowler position) The patient developed signs of pulmonary 
embolism and became markedly dyspneic Venous engorgement became 
marked, the blood pressure dropped to 87 systolic, 78 diastolic, while the 
venous pressure remained somewhat high (15 cm above the xiphisternum) 
This was relieved somewhat by venous section The pulsations though faint 
were observed until death three days later The venous pressure continued 
to drop up to the time of death 

The anatomic diagnosis from a section twelve hours later w'as Marked 
disseminated fibrosis of the entire left ventricle and interventricular septum 
WMth complete fibrosis at the apex with pocketing, slight coronary sclerosis 
w'lthout occlusion There were small mural thrombi m the right ventricle and 
right auricular appendage, one large and several smaller thrombi in the left 
ventricle — one small pedunculated thrombus Terminal septicemia was pres- 
ent, maiked hypertrophy of the right ventricle, moderate dilatation of both 
auricles and the right ventricle, marked in the left ventricle, chronic adhesive 
pericarditis over the right auricle , petechiae over the base of the left ventricle 
and on the arch of the aorta, small infarcts on the edge of the left lung, 



Fig 6 (Case 3) — Tracing of right radial and right median basilic vein 
with glass capsule in toxic goiter with fibrillation and moderate decompensation 
1 to 2, B, brachial and radial arterj'- systole and just before beginning of 
regurgitant venous wave — visible pulsation in the pen but not easily registered 
— a little over one-fifth second in length, 2 to 4, mam elevation of V wave 
(almost tw’o-fifths second) , 4 to 5, end of wave before next systole (almost 
one-fifth second) and the usual period for the A wave, but as in Case 1, the 
A wave is absent so there is no elevation of the venous pulse similar to that 
in Case 2 (Figs 3-5) , 3, apex of wave one-fifth second following dicrotic 
notch (2) and from the beginning of the radial systole, about two-fifths second 
It IS the venous regurgitant wave or the V wave of the jugular pulse 

thrombosis of the large branch of the right pulmonary artery, with large 
infarcts m the upper and lower lobes of the right lung There were pneumonic 
consolidation above the infarct in the lower lobe of the right lung, a light 
acute fibrinous pleurisy over the infarct in the right lung, a slight pleural 
effusion, more marked on right, a moderate acute splenic pulp reaction, a 
moderate chronic diffuse nephritis with a retention cyst in the left kidney, 
chronic passive congestion of the viscera, and cloudy swelling of the viscera 

The circumferences of the valve orifices were Aortic 80 mm , mitral 
95 mm , pulmonic 75 mm , and tricuspid 140 mm The tricuspid orifice seemed 
dilated and the valves incompetent 

Case 3 — A man, aged 48, was under observation with a clinical diagnosis 
of toxic hyperplasia of the thyroid with toxic myocarditis and auricular 
fibrillation The basal metabolism was 84-}- per cent There were marked 
dyspnea and cyanosis , an enlarged overactive heart, and slight edema of the 
extremities The liver was pulsating and slightly enlarged The jugular and 
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basilic veins were pulsating markedlj The excursion of the pulsation in 
the basilic veins was from 2 to 3 cm A s:ystolic murmur was heard over the 
xiphoid, and a diagnosis of relative insufficiencj of the tricuspid was made 
No valvular lesions were present The systolic blood pressure was 130, the 
diastolic 80 The pulse rate was 130-100 and irregular 

Polj'graph tracings of the jugular vein showed a laige undulating jugular 
wave -with an absent A w'aie, a small C ivave and a broad plateau type of 
V wave almost one-fifth second in duration The liver tracings (Fig 7) 
showed a large wave of ventricular type with a prominent and occasionally 
split V wave The basilic vein tracings (Fig 6) showed only one large 
undulating wave, late systolic in time, and following the dicrotic notch of 
the radial pulse The pen lever registered a small systolic pulsation syn- 
chronous with, and starting just an instant before, the radial lever beat This 
pulsation was due to the brachial artery nearby and was too faint to show 
up ivell on the tracings (Fig 6, B) 

Within two weeks following the instillation of radium emanation needles 
into the thjroid, the pulsations disappeared following the gradual subsidence 
of all the symptoms relatue to myocardial weakness and tricuspid insufficiencv 
The heart ivas supported by quinidm and the usual treatment Six months 
later, the patient had gained 50 pounds (22 7 kg ) and showed no abnormal 
symptoms 



Fig 7 (Case 3) — Liver and radial tracing taken right after the tracing 
in Figure 6, shoiving ventricular tjpe of liver tracing with an occasional 
split V ware somewhat similar to the split V wmve in the jugular tracings 


Case 4 — B , a man, aged 34, suffered from combined system disease which 
was of interest because the venous pulsations led to the earlj’- diagnosis of 
dilatation and failure of the heart in a very spectacular manner 

The lower extremities and sphincters were paralyzed There was myo- 
carditis of a low grade in keeping with the general weakness and debility 
The heart was regular and showed no valvular disease, and seemed able to 
keep up a good circulation The patient was being used as a control, showing 
no evidence of failure, no tricuspid murmur, venous congestion or pulsations 
in the peripheral veins Catheterization of about 2 liters of urine brought 
about an attack of acute syncope This was followed almost immediately by 
a period of marked paroxysmal tachycardia (rate, 140-200) for about thirty- 
six hours Approximately one hour after the onset of the tachycardia, large 
pulsations were noted in the basilic veins A short time later, the liver ivas 
found to be tender and pulsating Edema of the ankles developed rapidly 
There was marked cyanosis and dyspnea The collapsing point of the median 
basilic veins \vas 14 cm above the xiphisternum with the patient in a semi- 
Fowler position When the pulse rate -was slowed down by vagal stimulation, 
a faint systolic murmur could be heard over the tricuspid area one hour after 
onset of tachycardia The right heart was enlarged to percussion By the 
next day the pulse rate had dropped to 80 The blood pressure during this 
time had been 80 systolic, 60 diastolic The venous pulsations continued over 
the whole month following the attack up to the last twentv-four hours just 
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before death, when the venous piessuie fell remaikably and the pulsations 
were no longer visible The tricuspid murmur, cyanosis and dyspnea, edema 
and tender liver also persisted The venous pressure varied considerably — at 
first it was quite high The collapsing point was level with the second rib 
when the patient was in semi-Fowler position, or approximately 15 cm above 
the xiphisternum Following the attack of syncope, it dropped quite markedly 
(from 5 to 10 cm ) and varied from time to time The pulsations also varied 
in the prominence and amount of excursion With a high venous pressure 
the> were generally pronounced and vice versa No necropsy was permitted 

CvSL 5 — A man, aged 45, had a history of rheumatic fever The clinical 
diagnosis was chronic myocarditis and endocarditis wuth mitral and tricuspid 
stenosis and insufficiency, auricular fibiillation and decompensation with 
marked anasaica 

April 4, 1922, the heait was dilated to the right and the left with a coarse 
vibrator 3 ' sjstolic murmur loudest over the end of the sternum and merging 
with a systolic murmur over the apex of different quality and intensity There 
was a large, nontender, pulsating liver and marked pulsation of the veins over 
the forehead, arms, hands and feet W'as noted Pulsations were s 3 'stolic or 
pres 3 Stolic in time over the veins and the liver There was a marked bounding 
pulsation in the jugular veins, the right jugular bulb especially standing out 
prominentl 3 " about 2 cm in diameter, m the right supraclavicular space The 
systolic blood pressure ranged from 120 to 100, the diastolic was 78 The 
pulse was 50-110 A po^giaph tracing of the jugular vein show'ed an absent 
A wave and a high split plateau t 3 'pe of V w'ave The venous pressure was 
approximatel 3 14 cm above the xiphisternum w’lth the patient in a semi- 
Fow'lcr position Pulsations could not be recorded from the other veins as 
the pob'graph w'as out of order 

Under digitaliration and later qinnidin the decompensation impioved and the 
venous pressure and pulsations diminished, but these were still present on 
discharge three weeks later 


COMMENT 

The tiicuspid syndioine has been discussed by many authois, usually 
with entile agieement as to what actually composes a lelative insuffi- 
cienc} of the tiicuspid valve, so that we shall not review it heie Its 
signs and symptoms aie biiefly enumeiated above The common occui- 
lence of lelative insufficiency is also well lecogmzed Leube^® (1905) 
says, “Das erne funktionelle Tiikuspidalmsuffizanz m Veilaufe der 
Anamie auftieten kann, ist selbst veist andlich ” G Canby Robinson 
(1920) writes that “an inciease in piessuie wuthm the light ventricle 
sufficient to pioduce tiicuspid incompetence may be caused by asphyxia 
or even by piolonged holding of the bieath, or ffi'’ severe exeition 
Lesions such as emphysema oi fibiosis of the lungs, nutii- 

tional distui bailees in the caidiac muscle, such as occur in seveie anemia, 
in fevei, oi with a diminished blood supply to the myocaidium lesulting 
fiom obstiuction in the coionaiy arteiies” give use to incompetence 
Our senes of cases piesents all of these factors 

Mackenzie ^ states that “although actual disease of the valves is lare, 
incompetence of the tiicuspid oiffice is extremely common, so common, 


26 Leube Ztschr f klin Med 57 199-207, 1905 

27 Robinson, G C Nelson's Loose-Leaf Living Medicine 4 376, 1920 
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indeed, that I am inclined to look upon the valves as being barely-able 
to close the orifice perfectly Experimentally, it has been found 

impossible to raise the pressure in the right ventricle, on account of the 
ease with which reguigitation takes place thiough the tiicuspid orifice’* 
He has noted the frequent occuirence of a “greatly widened orifice 
(tricuspid) postmoitem, while during life there was no systolic mur- 
mur ” This seems to be the usual experience of most pathologists, m 
fact, the dilatation of the tricuspid ring and incompetency of its valves 
is looked on with complacency and even legarded as “normal” at 
postmortem 

We wish to emphasize, theiefoie, a ceitain element in myocardial 
disease which plays the great part in causing the pulsations in the veins,, 
and that is the weakness of the tricuspid orifice King® (1837) and 
Gibson^® (1880) thought that this weakness seived a safety valve 
function in relieving the overburdened ventricle 
The pressure on the right side of the heait is low and the muscula- 
ture thin and any increase in piessure or stasis fiom weakness, etc. 
may cause dilatation very readily because of the thin and flabby tissues 
involved Myocardial weakness is the fundamental factor for the 
onset of decompensation and the occuirence of dilatation 

Benson ® in 1836 contended that the pulsations in the peripheral veins 
were due to the propagation of a regurgitant impulse from the right 
ventricle through the auriculoventricular orifice into and throughout 
the distended veins, no matter how incompetent then valves 

We think it can really and conclusively be demonstrated in several 
ways that these pulsations are centiifugal, associated with venous stasis 
and propagated from the right ventiicle when that chamber contracts r 
First, if the basilic vein is just obliterated several centimeters proxi- 
mal to Its branches, by veiy light piessuie made with the thumb of the 
hand supporting the patient’s arm at the elbow, the pulsations can be 
made to disappear and reappear at will It will be noted on close 
observation at these times that the pulsations are distinctly centrifugaL 
They do not occur in the distal veins while the veins fill up during the 
period of compression of the basilic vein 

Second, if the forearm is held perpendiculai ly and the basilic vein 
IS again lightly compressed, during the use of the venous level due 
to the blood flowing into the veins from the capillaries there is no» 
observable pulsation (the explanation suggested by Gaertnei among: 
others) If the level of compression on the basilic vein is now laisecl 
above the “critical point” of collapse the pulsations will be seen proxi- 
mal to the point of compression and not distal to it A similai maneuver 

28 Gibson Edinburgh M J 25 9/9, 1880 
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lias been used on the jugulai vein many authois to demonstiate 
tricuspid insufficiency 

Thud, if piessuie is made on the midpoition of the veins and the 
proximal poition is stiipped towaid the heart, the pulsations return 
and mount highei and highei penpheially m waves synchronous with 
the heal t beat to the ci itical level oi to the compression point 

It has often been obseived that piessure on the liver will make the 
pulsations m the jugulai veins moie piominent We have found that 
hrm piessuie on the liver will laise the collapsing point in the basilic 
vein several centimeteis (fioni 6 to 10 cm ), depending on the degiee 
■of pressuie This giadually declines in from five to ten seconds, as the 
heait and vessels compensate foi the inci eased congestion even though 
the pressuie is continued The lespiiatoiy vaiiations are seen to occur 
as stated by Gaeitnei and otheis We have been unable to observe these 
pulsations in seveial expeiimenls on oui selves following the lelaxation 
of the capillaries by heal 

Refeience has been made in the hteiatuie to pulsations seen in the 
veins of the aim, foreaim and hand, the femoial oi ciural veins, the 
veins of the lower leg and foot, varicose veins of the leg, the veins of 
the thoiax and abdomen, the foiehead, temples and scalp, the letina and 
the thyroid Of course, the jugular veins thioughout their couise have 
received much stud}-' and the mtei pi elation of their pulsations has given 
rise to a tiemendous hteiature Pulsations elsewheie than in the neck 
and basilic reins, veins of tlie hand and the letinal vessels seem to be 
uncommon in oui expeiience, except in cases of maiked decompensation 
with pronounced leguigitation and engoigement In all such cases the 
piognosis was veiy bad as the patients died soon aftei In this they 
resembled the cases repoited m the hteiature In oui cases, as noted by 
the eaily woikeis, venous section caused the pulsations to disappear 
because congestion was leheved 

Mackenzie"” (p 25) wains us that “it must be boine m mind that 
between the light ventiicle and the jugulai vein theie is interposed a 
dilating auiicle and a capacious supeiior vena cava and that a wave can 
only appeal in the jugulai aftei the auricle and vena cava have been 
overfilled ’’ It would appeal that a small volume of blood regurgitated 
into the congested vena cava would not make much diffeience in the 
pulsations on the suiface of a laige vein like the jugulai vein In the 
case of a small vein, howevei, in the piesence of congestive failure, this 
would have a moie evident influence on the excursions of its surface 
because of the i datively gi eater volume changes per caliber In the very 
small veins the walls become less flaccid as the caliber decreases, so that 
the variations in suiface level may be present although they are not 


29 Mackenzie Am J Med Sc 134 12, 1907 
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visible This is also true when the vein walls are sclerotic, as is often 
the case of the dorsal veins of the hands in elderly people 

Anatomically, the liver, the neck and axillary veins are so situated 
as to receive directly the regurgitant wave coming from the right ven- 
tricle through a dilated right auricle into the vena cava The liver can 
leadily absorb small pulsations because of its structuie, and they may 
not be noted The jugular vein, because of its height above the heart, 
IS not affected so much by a relatively small inci ease in venous pressure 
and congestion, and because of its large size it readily absorbs small 
changes fiom reguigitation which may escape observation These may 
be detected, however, by such changes as splitting of the V wave in the 
polygraph tracings 

Gaertnei suggested that m the manner of a manometer the arm 
veins would show the venous pressure, and that this could be considered 
as equal to the auiiculai pressuie These veins aie of relatively good 
caliber and then connections with the engorged v’^ena cava and right 
auricle aie quite sunple and direct If congestion occurs with the con- 
sequent elevation of the venous piessure, dilatation not only of the 
auiiculoventriculai iing becomes possible but also dilatation of the much 
more elastic veins is readily demonstrable in the periphery Benson’s ® 
argument that a pulsation can readily travel up a vein already distended 
by congestion without interference by its valves seems well taken It 
IS very likely, furthermore, that as the congestion (and the venous 
pressure) becomes greater, the venous valves both of the jugular bulb 
and further in the periphery become incompetent and the regurgitant 
waves can progress distally in gi eater volume This seems borne out by 
the variation in size of the venous pulsations in proportion to the changes 
in venous pressuie and congestion It is only logical, therefore, to 
suppose that a reguigitation of only a small amount of blood from 
the right ventricle would cause visible oscillations of some magnitude 
in these veins It is for these reasons and on our expeiimental observa- 
tions that we base our contention that pulsations in the basilic veins are 
early associated with r enous stasis and tricuspid insufficiency 

30 Mackenzie (Footnote 28) Lewis Clinical Disorders of the Heart 
Beat, Ed 5, Shaw and Sons, 1920 

31 Since these observations have been made, two unusual cases have pre- 
sented some interesting pulsations A patient with marked organic tricuspid 
stenosis and insufficiency, proved by necrops}', showed marked presystolic and 
systolic pulsations in the liver, jugular veins and vessels of the arm, hand 
and retinal veins Another patient with complete heart block showed pulsa- 
tions in the basilic vein with the contraction of the auricle and superimposed 
pulsations following the contraction of the ventricles There were long periods 
ot asj stole of the ventricles with well marked peripheral vein pulsations 
associated with contraction of the auricles Attacks of ventricular tachycardia 
also w'ere observed wuth pulsations of the veins following contractions of the 
auricles and ventricles superimposed 
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It seems that the prophecy made by King in 1837 is being veiified 
He said 

I may venture to express an anticipation that more careful observation, 
e\en with the unassisted eje, uill detect pulsating veins more frequently than 
has hitherto been done, and e\en render this fact available in diagnosis I 
would also hope that the examination of the veins by the help of the sphyg- 
mometer may become still more generally serviceable m practical matters 

SUMMARY 

The hteratme contains mati}’^ isolated refeiences to venous pulsa- 
tions in the peripheral A^eins, most of which were published many years 
ago The significance of these pulsations has not been generally recog- 
nized It IS our opinion, based on careful study of over fifty-six cases 
showing these pulsations that they are present only during congestive 
failure and i elatn e incompetenc} of the tricuspid valve These observa- 
tions have been checked up on se\eial thousand clinic and ward patients 
seen -within the last three years and fiftj more cases noted with tncupsid 
syndrome and pulsations in the basilic veins Their presence in a large 
variety of ward cases suggests that the> are of value in making an early 
diagnosis of myocaidial -weakness oi failure with passive congestion 
and relatiA e tricuspid insufficiency in cases in which tliese factors would 
ordinarily be overlooked Their magnitude seems to be an indication of 
the degree of incompetency of the tricuspid valve and also of the heart 
musculature In cases of markedly damaged myocardium, then presence 
IS thought to offei a bad prognosis, as twenty-eight out of thirty-two 
such patients have died within a }eai after observation Cases featuring 
hyperthyroidism, arteiiosclerosis, anemia, mitral stenosis and syphilis 
are the most common in presenting these pulsations 

The peripheral pulsations are more prominent and more frequently 
observed in the basilic veins of the arm and forearm Their pulsations 
follow^ the brachial systole This retardation of the regurgitant stasis 
waves seems to be due to the relaxed and engorged state of the veins 
and a decreased velocity in a Ioav pressure system and is similar to the 
A, C and V waves of the jugular pulse The congestion allows the 
propagation of the impulse even though the valves may be competent 

CONCLUSION 

Pulsations in the peripheral veins and especially in the basilic veins 
of the arms are suggested as an early and valuable sign in detecting tlie 
presence of m3fOcardial or congestive heart failure together with a 
relative tricuspid insufficiency Their magnitude interprets the degree 
of myocardial and tricuspid incompetency Their appearance in cases 
of marked decompensation suggests a bad prognosis 
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That the position of the heart in the chest has an influence on the 
shape of the electrocardiogram as taken b}- the usual three leads was 
pointed out in the early work from Einthoven’s laboratory ^ The modi- 
fications appearing on rotation of the body from side to side, on changes 
from the recumbent to the erect position, and in the phases of respira- 
tion have all been attributed to this factor Dextrocardia offers one of 
the greatest possible variations in cardiac position and here, as is ivell 
known, the electrocardiogram is reversed Stout sub 3 ects with trans- 
versely placed hearts usually give electrocardiograms with R 3 of least 
amplitude while slender subjects with pendulous hearts usually show 
the least amplitude in R^ Lateral displacements of the heart due to 
pleural effusions, air or adhesions also are known to modify the electro- 
cardiogram According to Pardee,- such displacements to the right 
reduce the height of R and bring Q into prominence Movement of 
the heart to the left, on the contrarj^ changes the cun’^es but little 

In man experimental procedures designed to alter the heart-thorax 
relationships other than those mentioned have been obviously impossible 
Several workers have, however, varied the position of the leads so that 
there was at least a clever imitation of a change in the heart position 
Herrmann and Wilson substituted Leads II and III for Leads I and 
II and inverted Lead I By repeating this process they practically 
rotated the heart in stages of 60 degrees each Counterclockwise rota- 
tion gave curves resembling left sided ventncular preponderance, while 
clockwise rotation ga^e curves resembling right sided preponderance 
Cohn ^ rotated his leads around a triangle laid out as large as possible 
on the chest This simulated the rotation of the heart on its antero- 
posterior axis Many of the pictures secured resembled preponderance 

*From the Phjsiological Laboratory' of the Unnersity of Wisconsin 
Medical School 

1 Emthoven, Fahr and de Waart Arch f d ges Phjsiol 150 275, 1913 

2 Pardee Qinical Aspects of the Electrocardiogram, Neii York, Paul B 
Hoeber, 1924, p 45 

3 Herrmann, G R, and Wilson, F N Heart 9 91 (April) 1922 

4 Cohn Heart 9 311 1922 
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ciuves at least so far as the Q-R-S complex was concerned The 
T waves, honever, weie alwa 3 's m the same dnection as the mam 
deflection 

All the authois mentioned above have agieed that the position of 
the heait in the thoiax might gieatly influence the electi ocardiogram 
and that at times this might be far i caching For example, m the 
case of a left ventiiciilai preponderance, the condition as shown by the 
ciin'es might be estimated as maiked, slight, or even absent according to 
whethei the hcait was in a tiansveise or pendulous position It is thus 
leadily seen that an accurate analysis of the effects of caidiac position 
on the electi ocaidiogi am would be of value not only in interpietmg 
vaiiations in noimal iccords but in evaluating abnoimal cuives 

Animal expei imentation has not been used to any extent in this 
piolilem owing to the gcncial feeling that manipulation with the chest 
open made it impossible to secure electi ocaidiogiams sufflciently noimal 
to be of value So fai as we can find the only papei dealing with the 
pioblem in animals is that of Boden and Neukirch,'’ who led off fiom a 
vessel of saline solution m which an isolated pei fused heart was placed 
^Vlth such a device the hcait could be placed in any position desired 
relatne to the leads They found that lotation of the isolated human 
or animal hcait around its longitudinal axis to Ihe right gave a left 
sided effect, while lotation in the opposite dnection gave curves 
resembling light sided piepondeiance Their expeiiments, being made 
under such Inghly aitificial conditions, have not seemed very convincing 
to othei woi kei s '' 

In the woik hcic repoitcd we have seemed lotation of die heart 
aiound its anleiioi-postenoi and longitudinal axes Dogs under 
morphin-ethei anesthesia weie used in all expeiiments In the fiist 
series of experiments, a iib was lesccted and ligatures weie tied around 
the pcncaidium just below the apex of the heait The attachments 
of the peiicaidium to the diaphragm weie broken up, and one hgatuie 
was earned by a needle through each lateral wall of the thoiax By 
pulling on these ligatures the a]5cx of the heait could be brought in 
contact with eitliei side of the thoiax, the heart tlius describing an arc 
of about 60 degices on its antei loi -postenoi axis The opening in the 
chest was closed and the animal icsumed its own respiration Electi o- 
cardiogiams weie then made with the heait in vaiious degiees of 
rotation 

In latei expeiiments the chest was split m the midline and the 
animal kept throughout under aitificial lespiration The moie com- 
plete exposuie afforded in these cases allowed us, by the use of small 
fish hooks inseited eithei into the peiicardium oi through the pericardium 

5 Boden and Nenkirch A:ch f d ges Physiol 171 146, 1918 



616 


ARCHIVES OF INTERNAL MEDICIKE 


into the epicardium, to rotate the heart on its longitudinal axis Liga- 
tures placed as before brought about rotation from side to side The 
heart was anchored at its base by two ligatures sewed into the fascia 
around the aorta and fastened to the thoracic walls 

The majority of our lecords weie made by taking simultaneously 
with two Edelmann galvanometers, first Leads I and TI and then Leads II 
and III In a few recent experiments we have added a third galvanom- 



Fig 1 — Increase of Q wave and disappearance of S wave in Lead I on 
pulling the heart to the right 
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Fig 2 ^Disappearance of the Q wave in Lead I on pulling the heart to the left 


eter and taken all three leads simultaneously Throughout our work 
we have accepted the validity of the Einthoven triangle, and have used 
his formula in determining all electrical angles Our standard has 
been that and R3 should approximately equal R„ We have allowed 
one-tenth millivolt variation m these measurements, since it was impossi- 
ble under the conditions of our experiments exactly to reproduce the 
same degree of rotation for each set of records This variation if 
attributed entirely either to R^ or R3 would produce a variation of not 
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more than 5 degiees in the electiical angles This necessary error in 
technic is not large enough to interfere with a determination of the 
geneial effect of a gnen lotation In those cases m which and Ro 
failed to equal Ro by more than a millimeter the records have still 
been found valuable By using, first, the formula of Emthoven which 
determines the electrical angle fioni R, and R, and, second, the formula 
involving Ro and R,, the gieatest variations in the electrical angle which 
aie possible fiom the given data aie found If these point in the same 
direction, the experiment is of course satisfactory and indicates the 
qualitative effect of the rotation Since phase differences might lead 
to unceitain calculations, R_ has always been used as the standard for 
measuicments Ro and R- are usually synchonous, the variations in 
sxnchiony being found most often between R^ and R3 

In those expei iments m which the chest was opened, ligatures applied 
and the thorax closed, the electrocardiograms were usually indistinguish- 
able from controls taken before the operation Electrocardiograms 
from animals with an open chest aie also usually normal By this we 
mean that the wa\es are all apparent and of the usual form Only two 
variations are common R3 is often notched and the T wave is apt to 
be negative 01 diphasic, a condition which may appear in the dog under 
almost any operative procedure 

ROTATION AROUND THE ANTERIOR-POSTERIOR AXIS TO THE RIGHT 

The axis for rotation around the antenor-postenor axis to the right 
u as where the base of the heart crossed the midlongitudinal line This 
point was chosen because it was heie that the heart was anchored by 
ligatures A line was drawn fiom this point to the apex of the heart 
The angle between this line and the horizontal has been termed the 
anatomic angle This anatomic angle as detei mined in the open chest was 
ordinarily about 80 degrees When pulled to the right it was inci eased 
to approximately 110 degrees, and when pulled to the left it was reduced 
to about 60 degrees According to the simple application of Einthoven’s 
triangle, when the heait is pulled this distance to the right one would 
expect a decreased or inverted R^, a deci eased Rn and an increased R3 
An analysis of our results, however, shows that R3 in twenty-nine 
experiments increased m only 76 per cent of the cases , Ro decreased m 
only 31 per cent and R^ decreased in only 45 per cent From this it is 
evident that the electrical axis did not regularly vary with the anatomic, 
and that in some cases it increased and in others decreased It varied 
in direction inversely with the increase or decrease in size of R^ 

In Table 1 data are presented illustrating these conditions m six 
experiments The other twenty-three experiments showed similar 
variations 
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The most consistent change m these cunes concerned the Q wa\e 
In sixteen of the twent} -nine cases the descent of tlie 0 increased in 
Lead I with rotation to the nglit In ten others Q appeared after being 
absent in the normal In three cases Q was absent or remained the 
same under both conditions It is to be recalled that Q is seldom if 
e\er found in Lead I in right sided preponderance but that it may 
appear in Lead III Yet in our attempts to imitate right sided pre- 
ponderance by rotation to the right around the anterior-posterior axis, 
the Q nave either appeared or increased in Lead I in all but three of 
twent} -nine cases Figure 1 gives an illustration of such a change in the 
Q nave In Lead 11 the Q ware appeared in 80 per cent of the 
curves, an increase of 28 per cent orer the normal, rrhile in Lead III 
the Q wave rras found in only 34 per cent of all records, a decrease 
of 11 per cent from normal This indicates that we were not ver} 


T\ble 1 — Effect of Rotating the Hcait to the Right Around Its Anterior- 
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closely imitating right sided hypertroph} These lesults are, honerer, 
in line nith rvhat Boden and Neukirch found on rotation to the right 
around the longitudinal axis 

On rotation to the right around the anterior-posterior axis, the S 
nave behaved in a manner exactl} opposite that of the Q wave, and 
therefore opposite to n hat should be expected were we imitating right 
sided prepondeiance When the heart was pulled to the right, the 
S wa.\ e disappeared in Lead I in seven cases in which it had been present 
normally , increased in only one, and appeared anew in only one 
Figure 1 illustrates such a disappearance of the S wave Yet it is to 
be remembered that right sided preponderance is characterized by a 
large S in Lead I S in Lead III ^\as present in all cases after right 
sided rotation, having increased or appeared anew in four experiments 
In right sided preponderance S, is of course small or abstract 
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It was evident fiom the foiegoing data that merely pulling the 
heart to the light did not give the pictuie expected on theoietical grounds, 
nor did it resemble light sided pi eponderance to any great degiee 

ROTATION AROUND THE ANTERIOR-POSTERIOR AXIS TO THE LEFT 

The axis for lotation aiouiid the anterior-posterioi axis to the left 
was the same as for the right, the heart being pulled to the left until 
the apex touched the chest wall, decreasing the anatomic angle to about 
60 degiees According to the pnnciple of Einthoven’s triangle, one 
should expect such a lotation to the left to give an increased Rj, a 
variable or inci eased Ro, and a small or inverted R 3 Our results show 
that Rj increased in 63 per cent of thirty experiments , R, decreased in 



Fig 3 — Appearance of the Q wa\e and the disappearance of the S wave in 
Lead III on pulling the heart to the left, A, before, and B, after heart is pulled 
to the left 

60 pel cent , and Rg deci eased m 80 pei cent This is a much closer 
approximation to the theoretical than is seemed on rotation to the 
right, and the electrical angle is accordingly reduced m the majority of 
these experiments , in some of them it follows the anatomic axis rather 
closely Many of the cuives very definitely resemble left sided pre- 
ponderance The exceptions, howevei , are sufficiently numerous to 
indicate that, as before, some other factor was operating m these rota- 
tions Table 2 shows data from six experiments in which the heart was 
rotated to the left The other experiments showed similar variations 
and are therefore not tabulated 

On rotation to the left the occurrence of the Q wave is reduced from 
62 per cent in Lead I to 15 per cent, while m Lead III it increases 
from 45 to 68 per cent Figures 2 and 3 illustrate these conditions 
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This IS, of course, exactly the opposite to what is found m left sided 
preponderance, in which condition Q may be found in Lead I but is 
rarely if ever found m Lead III 

The S wave again shows a direction of change opposite to that of 
Q in all leads It appears less often in Lead III than m the normal, 
but more often m Lead I The percentage of change, however^ is not 
so large This again is exactly the opposite to the average results for 
left sided preponderance Figure 4 illustiates the appearance of S 
in Lead I 

ROTATION AROUND THE ANTERIOR-POSTERIOR ANIS TO THE RIGHT 
WITH COUNTERROTATION AROUND THE LONGITUDINAL 
AXIS TO THE LEFT 

The results so far presented show that rotation around the antero- 
postenor axis neither consistently fulfils the requirements of Einthoven’s 


Table 2 — Effects of Rotating the Heart to the Left Aiound Its Anferior- 
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triangle nor duplicates the usual lesults found in ventriculai preponder- 
ance It was obvious that another factor was involved This we found 
to be rotation around the longitudinal axis of the heart, it being impossi- 
ble to displace the heart to either side -without such rotation An 
anatomic examination showed that our light displacements involved a 
rotation around the longitudinal axis of about 24 degrees Displacement 
to the left occasioned a longitudinal rotation of about 17 degrees It 
seemed that the smaller degree of lotation in this direction might account 
for the closer approximation to the theoretical 

We next ran a senes of expenments in which the heart was first 
displaced to the right and then counterrotated on the longitudinal axis to 
the left in the hopes of compensating for the rotation aiound the longi- 
tudinal axis involved in the displacement Data from six such expen- 
ments are presented in Table 3 It will be noted that, regardless of 
rihether the electrical angle increased or decreased on mere displacement, 
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It consistently increased above normal on the counterrotation This 
nevei failed in twelve experiments Although in all these cases on 
counteriotation the electrical axis approached the anatomic it equaled 
it in only one case This was due to two reasons, one being that what 
we have called the anatomic axis is a line from the point of rotation to 
the cardiac apex It is from 10 to 15 per cent steeper than the axis 
described by Cohn The other is that the exact extent of counter- 
rotation necessary could of course not be determined at the time of 
experiment but had to be estimated at necropsy 


Table 3 — Effects of Rotation to the Right Abound the Antenoi-Posteuoi Axis 
Followed by Counterrotation to the Left Aiound the Longitudinal Avis 




Anatomic 

Electrical 





E'epcri- 

Axis, 

Axis, 





ment 

Degrees 

Degrees 

El 

Rs 

Ea 

^o^nal 

27 

83 

G7 

3 

65 

4 

Pulled right 


120 

53 

6 

9 

35 

Counterrotated left 


120 

03 

0 

75 

8 

^ormal 

21 

81 

63 

89 

20 

10 9 

Pulled right 


112 

72 

55 

17 

118 

Counterrotated left 


112 

583 

22 

516 

10 9 




[so 


m 


Xormal 

28 

&> 

51 

73 

111 

4 

Pulled right 


108 

74 

32 

U1 

8 

Counterrotated left 


lOS 

90 

0 

10 

10 

Xormal 

21 

60 

67 

64 

17 3 

10 5 

Pulled right 


no 

97 

—11 

12 7 

14 7 

Counterrotated left 


no 

113, 

—22 

10 

131 

Xormal 

33 

so 

84 

20 

12 6 

111 

Pulled right 


1(13 

61 

50 

14 7 

83 

Counterrotated left 


105 

80 

15 

84 

78 

Xormal 

31 

£0 

68 

5 0 

20 

00 

Pulled right 


115 

81 

19 0 

18 0 

18 0 



115 

87 

12 0 

15 0 

17 0 


In all these experiments Ri decreased and R 3 increased relative to R 2 
This of course is necessary if an increase is to be found in the electneal 
angle Curves illustrating this point may be seen in Figure 5, A As 
compared with the curves obtained from displacement to the right, on 
counterrotation the Q wave in Lead I disappeared in 27 per cent of 
the cases and decreased in 50 per cent In Lead III the Q wave, how- 
ever, increased to 80 per cent of all cases The S wave was only 
occasionally present in Lead I but was found in all cases in Lead III 
Fiom this description it is evident that cardiac displacement to the right 
v/ith counlei rotation on the longitudinal axis to the left gives definite 
signs of light sided preponderance These are to be seen in the R and 
Q waves The S wave does not follow the rule for right sided 
preponderance 
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ROTATION AROUND THE ANTEROPOSTERIOR AXIS TO THE LEFT 
WITH COUNTERROTATION AROUND THE LONGITUDINAL 
AXIS TO THE RIGHT 

In twelve experiments, with two exceptions, the electrical angle was 
greatly decreased on counteriotation, regardless of the direction of the 
change on mere displacement to the left The two exceptions may well 
have been examples of overcompensation Table 4 gives the data from 
five of these records Rj is always increased and Rg decreased in 
relation to R, In addition Rj itself always showed a decrease on 
counterrotation On counterrotation the Q wave in Lead I increased in 
occurrence fiom 15 per cent in the simple displacement cuives up to 
70 per cent In Lead III it decreased from 68 to 30 per cent The S 



Fig 4 — Appearance of S wave m Lead I on pulling the heart to the left, 
A, before, and B, after the heart is pulled to the left 

■wave was present in all cases in Lead III after counterrotation, and 
in the majority of cases it was considerably deepened 

From the foregoing it will be seen that displacement to the left with 
counterrotation gives a picture practically identical with left sided pre- 
ponderance Many of the cuives are very characteristic indeed, as may 
be seen in Figure 5, B 

HEART HELD IN ITS NORMAL POSITION AND ROTATED AROUND ITS 
LONGITUDINAL AXIS TO RIGHT AND LEFT 

From the preceding experiments it seemed evident that right and 
left sided displacements around the anterior-posterior axis did not give 
the expected results owing to the simultaneous rotation which necessarily 
occurred around the longitudinal axis This point was definitely proved 
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by holding the heart m its normal position and rotating either to the 
right or left around the longitudinal axis In Table 5 may be seen the 
result of such rotations 

In all cases tned with rotation to the light, the electrical angle was 
remarkably deci eased, seveial times becoming negative, this being due 
to increases in and decreases in R 3 The Q wave in Lead I, increased 
both in incidence and size, was piesent in all cases on rotation It was 
invariably absent in Lead III The S wave decreased in Lead I, but 
was found in all cases m Lead III These are typical signs of left sided 
preponderance Cuives illustrating rotation to the right may be seen 
in Figure 5, C 

In Table 5 are also presented the data for rotation to the left In 
all cases the electrical angle was increased owing to a smaller and 


Table 4 — Effects of Rotating to the Left Aiound the Antenor-Postenor Axis 
FoUozvcd by Countei 1 otation Aiound the Longitudinal Axis to the Right 




Anatomic 

Electrical 





E^pe^l- 

Axis, 

Axis, 





ment 

Degrees 

Degrees 

Ri 

R 2 

Rs 

Normal 

23 

SC 

46 

S7 

12 

35 

Pulled loft 


C7 

30 

10 

10 

0 

Counterrotated right 


or 

22 

60 

6 

—1 

Normal 

25 

IS 

CO 

2 5 

0 

58 

Pulled loft 


61 

(45 

68 

(8 

P 





JC5 



Countorrotated right 


Cl 

(-14 

10 8 

3 

—41 



J-5 


- 


Normal 

28 

82 

51 

6 

04 

4 

Pulled loft 


W 

50 

4 

78 

46 

Counterrotated right 


64 

13 

8 

66 

—2 

Normal > 

30 

82 

57 

01 

16 2 

75 

Pulled loft 


67 

54 

77 

13 7 

5(> 

Counterrotated right 


67 

30 

10 

04 

0 

Normal 

22 

77 

65 

62 

12 0 

60 

Pulled left 


67 

43 

70 

00 

22 

Counterrotated right 


67 

30 

70 

80 

00 


a larger R 3 Q deci eased very markedly both in size and incidence in 
Lead I but inci eased also maikedly m Lead III The S wave on the 
contrary increased m Lead I and decreased in Lead III These are the 
signs of right sided prepondei ance Cuives illustrating rotation to the 
left may be seen m Figure 5, D 

COMMENT 

Our results do not seem to agree with Einthoven’s explanation for 
the rather frequent exaggeiation of S in Lead I when the subject turns 
on his right side Emthoven ^ suggested that the appeal ance of this 
wave was due to the projection of a sagittal jiotential on the frontal 
plane due to a rotation around the longitudinal axis One would expect 
such a rotation to occur from left to light, but experimentally this 
rotation has always given us an enlaiged Q and a reduced or absent S 
in Lead I 
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Herrmann and Wilson’s ® conclusion that there is no definite relation 
between the form of the ventricular complex and the relative weight of 
the two ventricles unless there is a marked hypertrophy receives both 
justification and explanation by our findings Within certain limits the 
signs of ventncular preponderance may be accentuated, neutralized or 
reversed by varying the position of the heart, particularly the degree 
of rotation around the longitudinal axis These effects are, of course, 
most marked when the signs of preponderance are least marked, that 
IS, in cases of slight hypertrophy When the heart is greatly hyper- 
trophied, no change in position is sufficient to obscure the true picture 



Fig 5 — In these records the three leads were taken simultaneously 
Lead I, the upper curve, was taken on one camera, while Leads II and III, the 
middle and lowest curves, were recorded together on another Before the two 
slits a horizontal wire was raised and lowered at a rapid rate so that the 
vertical lines have no time value but they do mark synchronous points Time 
IS recorded between Leads II and III in one-fifth second Al, normal, A2, 
heart pulled to the right, A3, heart pulled to the right and rotated to the left 
on the longitudinal axis, Bl, normal, B2, heart pulled to the left, B3, heart 
pulled to the left and rotated to the right on its longitudinal axis, Cl, normal, 
C2, heart rotated to the left on its longitudinal axis, Dl, normal, and D2, heart 
rotated to the right on its longitudinal axis 

It would be of great interest and value to know just what degree of left 
or right sided hypertrophy could be obscured by the rotations involved 
in the shift of position occurring when the subject lies on the left or 
right side Such an investigation would however involve the statistical 
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treatment of electrocardiograms in the various positions, roentgen-ray 
shadows of the heart, and a comparison of the ventricular weights 
secured at neciopsy 

A lecent paper by Dieuaide” is of interest in this connection 
Dieuaide pioposes diagnosing adhesive pericardial mediastinitis by the 
absence of variations m the electrocardiogram when the subject changes 
his position from side to side Judging fiom our data it would be 
expected that no patient with adhesive pericardial mediastinitis would 
show variations due to change of body position if the adhesions were 
sufficient to anchor the heart , but on the other hand all patients failing 
to show variations with a shift of position could hardly be expected to 
have mediastinitis, the reason being that when the patient is turned 
to either side, the rotation of the heart aiound the longitudinal axis may 
exactly neutralize the effect of the rotation around the antenor-postei lor 


Table 5 — Rotation to the Right and Left Aiound the Longitudinal Axis Only 



Experi- 

ment 

Electrical 

Axis, 

Degrees 

Ri 

R2 

R3 

Normnl 

22 

04 

25 

58 

33 

Rotated right 


—7 

00 

21 

—33 

Normal 

25 

68 

33 

80 

50 

Rotated right 


— C 

96 

40 

-5 8 

Normal 

28 

63 

55 

100 

55 

Rotated right 


10 

85 

07 

—22 

Normal 

20 

00 

45 

100 

50 

Rotated Icit 


81 

SO 

13 3 

no 

Normal 

28 

62 

40 

10 6 

5 6 

Rotated loft 


106 

—31 

75 

10 6 

Normal 

30 

53 

78 

13 9 

56 

Rotated left 


72 

44 

12 2 

83 


axis, and the result in the electrocardiogi am will be the same as if no 
movement has occurred 

The results obtained m our experiments with rotation around the 
longitudinal axis seem to bear quite directly on the theory of Groedel 
and Monckeberg^ as to the cause of hypertrophy curves obtained in 
various diseases of the heart These workers found an inverted R in 
Lead I in such diseases as pulmonary insufficiency, pulmonary stenosis, 
open ductus arteriosis, tricuspid insufficiency, and in some mitral 
stenosis cases In all of these diseases, it has been found at necropsy 
that the right ventricle hypertrophies, not by extending to the right, 
since It would then have to push aside the right auncle which is fixed 
by the venae cavae, but by rotating slightly around the axis of the 
cavae and then by extending up and to the left in the direction of the 

6 Dieuaide, F R The Electrocardiogram as an Aid in the Diagnosis of 
Adhesive Pericardial Mediastinitis, Arch Int Med 35 362 (March) 1925 

7 Groedel and Monckeberg Zentralbl f Herzkrankh u Gefasse 5 2 1913. 
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pulmonary artery This position throws the septum into the frontal 
plane, and places the left ventricle completely dorsal and the right 
ventricle completely ventral in relation to this plane Obviously, this 
condition was practically duplicated by our rotation of the heart around 
its longitudinal axis, without displacement around the anterior-posterior 
axis 

The same authors have shown that a pendant heart may give the 
same electrocardiogram as a transverse heart, simply owing to this 
rotation around the longitudinal axis In cases of left sided hyper- 
trophy due to mitral insufficiency, aortic lesions or sclerosis of the 
blood vessels of the kidney, the growth of the left ventricle is described 
as rotating the heart to the right aiound its longitudinal axis, thus mak- 
ing the left ventricle more ventral in position, and always producing a 
strongly positive initial deflection of the electrocardiogram Rotations 
of the ventricles around the longitudinal axis, whether due to experi- 
mental, physiologic, or pathologic causes, must obviously disturb the nor- 
mal relationship of the muscle masses of both ventricles to the frontal 
plane The projection of the electrical vectors on this plane of the 
electrocardiographic leads is, of course, also greatly modified, and in 
this fact IS the fundamental reason for the variation in the electio- 
cardiographic curves 

SUMMARY 

1 Displacements of the heart around its anterior-posterior axis 
either to the right or the left as earned out experimentally do not give 
the curves anticipated according to the principle of the Einthoven 
triangle, or according to the accepted standards for right or left sided 
preponderance The electrical axis may be either increased or decreased 
or remain the same 

2 If when the heart is displaced to the right or the left, a counter- 
rotation m the opposite direction around its logitudinal axis is brought 
about, the curves approach those of right and left sided preponderance, 
the electrical angle regularly increasing or decreasing as it should 

3 It IS evident that the effects of mere displacement have been 
masked by rotation on the longitudinal axis In proof of this it is 
found that, if the heart is held in its normal position and then rotated 
on Its longitudinal axis, typical curves of right or left sided preponder- 
ance may be produced 

4 Either uncomplicated rotation to the right on the anteroposterior 
axis or rotation to the left on the longitudinal axis will give curves 
characteristic of right sided preponderance The reverse conditions 
will give curves characteristic of left sided preponderance 
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5 The importance of having the Iieait in the normal position for all 
electrocardiograms is emphasized It seems clear that it is impossible to 
tell how much a change in position may affect the electrocardiogram or 
how much an abnonnal electi ocardiogram may be due to variations in 
position, since the result is due to the summation of different rotations 
Variations in position may accentuate, neutralize or leverse the effects 
of a slight degiee of hypei trophy It is for this reason that, as 
Heiimann and Wilson insist, the influence of the relative weight of the 
two ventiicles predominates only when the heart is gieatly hypertrophied 



VITAL CAPACITY, RESPIRATORY FREQUENCY, 
PULSE RATE AND SYSTOLIC BLOOD 
PRESSURE IN HEART DISEASE 

THEIR IMPORTANCE IN THE CLASSIFICATION OF PATIENTS* 
HERBERT W SCHMITZ, MD 

NEW YORK 

A satisfactory classification of patients with organic heart disease 
based on their ability to carry on physical activity would be of great 
value to every clinician It is our purpose in this article to show that 
the consideration of the vital capacity of patients with heart disease, 
together with their respirator^’- frequency, pulse rate and systolic blood 
pressure, after climbing 30 feet of stairs in forty seconds divides 
them into three mam groups The form of exercise test used in this 
study differs entirely from that type of test in which the individual is 
exeicised until dyspnea first appears, in that a definite time and weight 
lifting task is accomplished In this study the reaction of the individual 
to a definite task is noted instead of only the amount of work that may 
be done to bring about dyspnea in the individual It is hardly necessary 
to state that the results obtained by these two methods are not com- 
parable 

The Association of Cardiac Clinics of New York recognizes the 
following classification of patients with heart disease 

Class I Organic — able to carry on habitual physical activity 
Class II Organic — able to carry on 

A Slightly diminished physical activity 
B Greatly diminished physical activity 
Class III Organic — unequal to any physical activity 
Class IV Possible — having doubtful muimurs, mainly accidental, 
possibly organic 

Class V Potential — having a predisposing history 
Class I and Class II, A and B, are based on the ability of cardiac 
patients to carry on physical activity , however, up to the present time 
no uniform method has been described to aid us in grouping heart cases 
according to the foregoing classification Various proceduies are in use 
today Some of these are based on the measurement of the vital capac- 
ity, others, on the pulse or systolic blood pressure reactions following 
different exercises, such as stair climbing, body bending, deep knee 
flexions and swinging of dumb-bells The importance of completing 

* From the Mineola Home for Cardiac Children, Irvington, N Y , in the 
service of Dr Robert H Halsev 
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uniform exercise lias been recognised 'Thus, there may be variations in 
the numlicr of feet actually climbed or in the time allowed for climbing 
the same number of slaiis, m the number of times the body bending 
exercises and the deep knee flexions arc performed, and in the weight 
of the dumb-bells or in the time allowed for each swing Obviously, 
comparable results cannot be expected since the actual effort recj[uircd 
IS not conti oiled by time oi work to be accomplished 

Investigators have attempted to employ one or more of these tests as 
a means of determining the functional capacity of the heart, using cither 
the estimation of the vital capacity or the time required for the pulse or 
systolic blood pressure to return to the rest levels 

The inferences drawn from these determinations are numerous 
and varied Brittingham and Whitc,^ in studying the systolic blood 
prcssLiie reaction after exercise, concluded that it may be of some value 
in determining the individual’s tolerance for woik The results obtained, 
however, were not uniform in that cases with apparently no organic 
heart disease picscntcd systolic pressure curves similar to those obtained 
m cardiac patients Wilson utih/cd the dcgiec of distress and systolic 
pressure curves as a gage in estimating the exercise tolerance of children 
with heart disease, and found that cxcicisc tolerance tests give important 
information which may be employed as a scientific basis for the proper 
icgulation of the child's activities In Propst’s * senes of cases with 
organic heart disease only 3 per cent presented abnoi mal pressure reac- 
tions Pie was more satisfied with the results obtained by following the 
changes in the pulse late before and after exercise Brady'’ feels 
that a pulse not returning to the prcexcrcise level in three minutes 
following fifteen deep knee flexions should be viewed with suspicion 

Similarly, various observers have stated that there was no uniform 
relation between the vital eajiacity of the lungs and the condition of the 
heart in patients with heart disease The work of Peabody and Went- 
worth ''' would indicate that there is a close relationship between the 
degree of dysjinea noted in heart disease and the vital capacity of the 
lungs 'I hey found that in general patients with a vital capacity of 90 
per cent or more of the normal standard have little tendency to dyspnea 

1 Ijnllin): 5 haiTi, II II, and WIntc, P D Cardiac t'unclional Tests, J A 
M A 70 1901 (Dec 2) 1922 

2 Wilson, May G Exercise Tolerance of Children with Heart Disease, 
J A M A 76 1629 (June 11) 1921 

3 Propst, D W Exercise Cardiac Functional Test in One Hundred Cases 
of Heart Disease, JAMA 82:2102 (June 28) 1924 

4 Brady, William The Anamnesis in Cardiovascular Disease, JAMA 
70 1449 (May 18) 1918 

5 Peabody, F W, and Wentworth, J. A Clinical Studies of the Respira- 
tion, IV, The Vital Capacity and Its Relation to Dyspnea, Arch Int Med 20 443 
(Sept) 1917 
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Patients with a vital capacity from 70 to 90 per cent of the normal 
become dyspneic following unusual exertion and must restrict their 
daily activities, but may perform light work Patients with a vital 
capacity of from 40 to 70 per cent of the normal standard show marked 
dyspnea on slight exertion and are, as a rule, unable to work Patients 
with a vital capacity of less than 40 per cent -of the normal are decom- 
pensated patients Bnttingham and White ^ report a low vital capacity 
in 100 per cent of their patients with congestive heart failure, while, 
almost without exception, in those cases with no congestive failure a 
normal vital capacity was observed Burton-Opitz emphasizes that 
the vital capacit)’' changes little in compensated cases Wilson and 
Edwards " observed a reduction in the vital capacity in cardiac patients 
showing a diminished exercise tolerance The group averages pointed 
to a relationship between the reduction in the vital capacity measure- 
ments and the degree of diminution in the exercise toleiance Although 
this relationship has been observed in the group averages, no such 
definite relationship could be assigned to the individual cases ® 

It is apparent that considerable difference of opinion exists with 
respect to the clinical value and to the proper interpretation of the 
results obtained when these tests are used as tests of the heart Because 
of the marked variability noted, the majority of the tests have not 
won uniform approval and have been considered valueless by many 
clinicians The majority of the investigators have made the error of 
using the tests as heart tests rather than as tests of the peison with 
heart disease It is obvious, from the experimental data cited and 
from our own observations, that not one of the tests can be considered 
a satisfactory or reliable heart test However, when they are used 
collectively, with the object of testing the subject with heart disease, 
definite and valuable information is obtained 

Our study consisted of the estimation of the vital capacity at rest 
and the determination of the length of time required for the respiratory 
rate, pulse rate and systolic blood pressure to return to their preexercise 
level after the patients climbed 30 feet of stairs in forty seconds All 
the patients tested were children between the ages of 6 and 16 years 
with definite organic heart disease due to the infection of rheumatic 
fever The patients weio ambulatory and showed none of the early 
symptoms of decompensation, such as precordial distress, edema of 
the ankles, or signs of pulmonary congestion They presented a normal 
temperature and, as far as could be ascertained, were free from any 

6 Burton-Opitz, Russell Vital Capacity of “Cardiacs,” J A M A 78 
1686 (June 3) 1922 

7 Wilson, May G , and Edwards, D J The Vital Capacity of the Lungs 
and Its Relation to Exercise Tolerance in Children with Heart Disease, Am J 
Dis Child 22 443 (Nov ) 1921 

8 Wilson and Edwards (Footnote 7) Ziskin, Thomas Vital Capacity as 
a Functional Test in Heart Disease, Arch Int Med 35 259 (Feb ) 1925 
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other disease The respiratory late and the pulse rate were taken 
immediately aftei the exercise and at one minute inteivals until the 
1 espii ator};- rate was within two points and the pulse rate within four 
points of the pieexeicise level The systolic blood pressure was taken 
immediately aftei the exercise and at one-half minute intervals until 
It leached within 6 mm of the piessure at lest A series of ninety-six 
cases was studied The lesults obtained are lecoided in the table 

An examination of the table shows that the cases studied may read- 
il} be classified into three mam groups The patients in the first group 
show a vital capacity of not less than 90 per cent of the normal and a 
leturn of the lespiratoiy rate, pulse rate and systolic blood pressure to 
the rest level within two minutes’ time The patients m the second 
group show either a vital capacity of from 90 to 80 per cent of the 
noimal standard oi an increase in the time required for any one of the 
factois concerned in the exercise tests to return to the preexercise 
level This level was reached within three minutes’ time The natients 
m the thud group show eithei a vital capacity of less than 80 per cent 
of the normal or a peiiod of time gi eater than three minutes required 
for either the respiiatory rate, pulse late, or systolic blood pressure to 
return to the preexercise level 

The patients coming under the first group show a vital capacity 
within normal limits and a leturn to the rest level in two minutes of 
all the factors studied in the exercise test These children were able 
to carry on usual physical activity without showing signs of dyspnea 
or overactivity of the heart and accordingly did not need to be restricted 
in their daily loutine Cases classified in this way correspond to Class I 
cases of the classification of the Association of Cardiac Climes The 
patients in the second group show eithei a vital capacity between 90 
and 80 pei cent of the normal or a period of time greater than two 
minutes, but not moie than three minutes for either one of the other 
factois to return to the pieexeicise level The members of this group 
usually piesented varying degiees of dyspnea and exhaustion, or some 
overactivity of the heart following exertion caused by setting-up exer- 
cises, stairs climbing, etc They may conveniently be placed in Class II A 
of the association classification The childien coming under the 
third group show either a vital capacity below 80 per cent of the 
normal oi requiie more than three minutes for any one of the other three 
factors to reach the rest level '^The subjects in this group definitely pre- 
sented signs of dyspnea, exhaustion, or overactivity of the heart after 
climbing 30 feet of stairs These cases answer very favorably the 
description of the Class II B cases of the association classification 
In our senes eight belong to the, first group, forty to the second and 
foity-eight to the third group 
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When we undertook our study we were aware of the lack of a 
uniform method of classifying patients with organic heart disease 
We were likewise aware of the criticisms directed at the various tests 
employed as cardiac function tests or exercise tolerance tests In our 
work we used practically the same tests utilized by other observers, 
however, we attached a different significance to them The majority 
of the investigators employed either the measurement of the vital 
capacity or the pulse and systolic pressure curves as tests of the heart 
The results were generally disappointing, and for that reason the tests 
were considered as being of little or no value by many chmicians It is 
quite obvious that these tests are not heart tests It is well known 
that the vital capacity, respiiatory frequency, pulse rate and systolic 
pressure are influenced by fright, excitement, neurotic tendencies and 
in some degree by the physical condition of the patient Foi that reason 
many non-cardiac patients may present the same reactions observed in 
heart cases This fact, however, does not prove that the tests are abso- 
lutely valueless m the study of patients with heart disease When used 
for the puipose of testing the individual with cardiac disease, rather 
than of testing the heart of the patient, helpful information is obtained 
The tests must be regarded then as tests of a subject and not as tests 
of the subject’s heart On the basis of the vital capacity and the 
response of the patient to exercise as measured by the respiratory fre- 
quency, pulse rate and systolic pressure, these cases group themselves 
into the three mam classes described above regardless of the valvular 
damage 

A close analysis of the lesults presents another important point 
the lacic of a general parallelism between the various factors studied 
It will be noted that many cases presenting a prolonged fall in the pulse 
rate may have a normal blood pressure curve and vice versa Other 
cases showing a prolonged fall in either the pulse rate or systolic 
pressure have a vital capacity within normal limits, or a low vital capac- 
ity may be obtained with a normal pulse and systolic pressure curve 
That would indicate that the estimation of the vital capacity alone, or 
the determination of either the respiratory frequency, pulse rate or sys- 
tolic pressure alone is not a reliable test of the subject but that complete 
information concerning the case can only be obtained by a utilization of 
all the observations 

The method of classification we have adopted can be defined clearly 
and IS not influenced by the personal equation of the persons performing 
the tests It affords a more uniform way of classifying patients with 
heart disease than has previously been described Such a classification 
enables the physician to regulate and prescribe more intelligently the 
physical activity of the patient with heart disease 
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SUMMARY AND CONCLUSIONS 

On the basis of the measurement of the vital capacity of ninety-six 
childien with organic heait disease, together with their response to the 
climbing of 30 feet of stairs in forty seconds as measured by the 
respiratory frequency, pulse rate and systolic blood pressuie, these 
cases can be conveniently grouped in three mam classes corresponding 
to Class I, Class II A and Class II B of the classification of the Associa- 
tion of Cardiac Clinics Because of the lack of a geneial parallelism 
between the results of the various tests, it is evident that one test alone 
does not furnish a satisfactory basis for making a classification of 
patients with heart disease These tests cannot be considered cardiac 
function tests but aie of great assistance in the intelligent care of chil- 
dren with organic heait disease 



CLINICAL DIAGNOSIS AND THE 
INTESTINAL FLORA 

e 

HIROMU TSUCHIYA, MD 

BATTLE CREEK, MICH 

For clinical purposes, the determination of the intestinal flora should 
be made in the shortest possible time The work takes forty-eight hours 
which IS the shortest average time for giving the findings required for 
such an examination This is not intended for a detailed bactenologic 
study on all bacteria present in the flora, but consideration is centered on 
a few bacterial groups whose dominance is directly responsible for the 
character of the flora The elaborate study of intestinal bacteriology 
advanced by McNeal,’- Meyer and others ^ is rather cumbersome for 
clinical diagnosis, while the method of Rettger and Chephn,^ although 
simple, does not cover the entire field In developing the method, I have 
carefully scrutinized cultural and morphologic characteristics of the 
dominant bacteria in question, thereby making it possible to draw accu- 
rate interpretation of the floral findings 

The bacteria in the stool are numerous and constitute from one 
fourth to one third of fecal dry matter There are at least 100 different 
kinds of bacteria present The morphologic and cultural characteristics 
of some of these are as yet unknown to us The isolation of each of 
these bacteria requires much time, and from the clinical standpoint is 
not worth it My aim is, therefore, not to determine one bacterium or 
two, but to diagnose the intestinal flora as a whole whether it be of 
fermentative, putrefactive or mixed type 

The bactenologic examination of the stool consists of cultural and 
microscopic technic, and the character of the flora is determined by 
the findings, the emphasis being laid on the cultures In other words, 
the diagnosis is made from the summarized results by checking one 
against the other In many cases the microscopic examination helps to 
substantiate the cultural findings 

In this study the intestinal bacteria are classified under the following 
groups 

(a) Colon-hke bacteria (Baallns coh, B proteiis-vidgans, B aero- 
genes, B enteridiHs, B fecahs-alkaligenes, etc ) , 

(&) Acidophilus-hke bacteria {B acidophilus, B bifidus) , 

*From the clinical laboratories. Battle Creek Sanitarium 

1 McNeal et al J Infect Dis 6 103 , 571, 1909 

2 Morris, G B , Porter, R L , and Meyer, K A J Infect Dis 25 349 

(Nov) 1919 

3 Rettger and Cheplin A Treatise on the Transformation of the Intestinal 
Flora, New Haven, Conn, Yale University Press, 1921 
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(c) Spore-bearing bacteria {B welclm, B putnficus, B hufyncus, 
etc ) , 

(d) Giam-positive cocci {Streptococcus fecahs, micrococci, diplo- 
cocci and enterococci), and 

{e) Yeasts 

For diagnostic puipose the intestinal flora is classified undei the fol- 
lowing headings 

(c) Fermentative This type contains a large percentage of Bactllus 
acidophilus, and is excellent in every respect Fermentation does not 
imply an excessive gas pioduction The percentage of coli-hke organ- 
isms is veiy small 

(&) Seniifermentative This type contains a fairly large number of 
Bacillus acidophilus with some coli-like bacteria with or without strepto- 
coca 

(c) Mixed This type is a congregation of all sorts of bacteria A 
small percentage of Bacillus acidophilus and Bacillus welchii are often 
present in this type 

(d) Semiputrefactive This type shows the dominance of putrefac- 
tive bacteria with or without Bactllus acidophilus 

(e) Putt ef active This type is characterized by being distinctly 
putrefactive, dominated by the Bacillus coh group and spore-bearing 
without the presence of Bactllus acidophilus The bacterial metabolism 
IS strongly proteolytic 

TECHNIC OF BACTERIOLOGIC ANALYSIS 

Fecal Suspension — ^This is prepared by thoroughly mixing about a 
pea-sized stool or 1 c c , if liquid, with 10 c c of sterilized physiologic 
sodium chlorid solution to make a uniformly homogeneous emulsion 
A small ball of cotton should be inserted clear to the bottom of the tube 
to serve as an automatic filter The supernatant suspension thus made 
IS devoid of food remnants, which often interfere with technic 

Microscopic Examination — (a) Smear The uniform smear is 
made from the suspension by means of a platinum wire, and dried either 
by flame or air The slide is stained according to the Gram method 

(&) Gram Stain Classification of Bacteria This is made by exam- 
ining at least from ten to fifteen micioscopic fields with the aid of a 
square field ocular, and calculating the percentage of gram-positive and 
negative Special attention is paid to the presence of acidophilus-like 
organisms that are of polymorphous rod shape If there is dominance 
of a particular type of bacteria, note is made by the plus sign For the 
convenience of the study, the following bacterial groups are placed m 
the working blank colon-like bacteria, acidophilus-like bacteria, spore- 
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bearing bacteria, streptococci and yeasts Under these headings the 
following bacteria are gram-positive B acidophilus, B welchii, B 
butyncus, B putrificus, streptococci and diplococci Most other bacteria 
are gram-negative 

Micioscopic Morphology of B Acidophilus This should be carefully 
studied, as the determination of the flora depends entirely on the findings 
of this particular organism It is a gram-positive rod and polymorphous 
They generally appear singly, but often in pairs or in a shoit chain The 
single bacillus is a slender lod, often slightly tapering at both ends and 
resembling a part of the corkscrew-hke formation of spirocheta, and 
again it may present almost a coccus-hke appearance The smear made 
from an old culture often fails to retain gram lodm, and gives an appear- 
ance of a gram-negative organism B acidophilus does not possess 
spore, capsule or flagella They are immotile 

Morphology of Colon-Like Bacteria All the gram-negative bacteria 
of every description are included m this category 

Morphology of Spore-Bearing Type They are short and thick 
rods, usually found in pairs but often singly The consideration of 
butyncus and putrificus should be more or less dependent on the cultural 
findings 

The higher the percentage of gram-positive bacteiia, as a rule, the 
better the condition of the intestinal floia, while with the highei per- 
centage of gram-negative, the worse the condition, provided the cultural 
findings coincide with the microscopic A higher percentage of gram- 
positive, therefoie, does not necessarily indicate, in all cases, feimenta- 
tive flora, as there are often cases in which the microscopic fields are 
crowded with gram-positive bacteria of the spore-beai mg type and diplo- 
cocci However, if there is a predominance of gram-positive bacteria 
coupled with good cultural findings, it is safe to make a favorable diag- 
nosis of the flora The microscopic test is not, therefore, an accurate 
method, and should be wholly or partially dependent on the cultural find- 
ings The higher percentage of gram-negative bacteria is always found in 
putrefactive flora The approximate percentage of gram-positive bac- 
teria in different types of intestinal flora is Fermentative, from 75 to 
100, semifermentative, from 55 to 70, mixed, from 35 to 50, semi- 
putrefactive, from 10 to 30, and putrefactive, from 5 to 20 

Cultural Evammahon — Litmus Milk Culture The test tube used 
for this purpose is 1 inch (2 5 cm ) in diameter and 6 inches (15 2 cm ) 
in length A small inverted tube is inserted in order to determine the 
percentage of gas formation The media is distributed in culture tubes, 
and sterilized in the autoclave at 15 pounds pressure for 20 minutes, 
1 c c of fecal suspension is inoculated into milk culture, and incubated at 
37 degrees C for 48 hours 
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Reaction The i eduction of litmus by the acidity formed by bacteiia 
IS designated by plus signs according to the degree of acidity Whethei 
the floia IS putiefactive or fermentative, the reaction is always acid 
except in the cases of special types of bacteria, such as B typhosus 
B dysentci me and B fecalis-alkagcnes The longer the incubation, the 
higher the production of acidity B toll and B acidophilus as well as 
B zuelchii intensify the acidity in prolonged incubation 

Coagulation This is classified under the following headings 
(o) Cheesehke or stormy fei mentation The coagulated milk pie- 
sents lattice-hke fuirows If accompanied by floating gas bubbles with 
a large amount of whey, the piesence of B zvelcJm is suspected This 
IS confinned by a special test described later 

{b) Soft curd Yellowish soft curd with oi without whey formation 
IS indicative of putrefactive flora dominated by B pi oteus vulgaris If 
such a culture is left incubated for a longei period, a complete peptoniza- 
tion takes place 

(c) Retraction Complete reti action of the cuid is a putrefactive 
process Partial reti action is often found in any type of floia The 
interpretation vanes according to other findings in milk 

(d) Firm massive coagulation The film massive coagulation with 
whey indicates the fermentative type 

If the flora is distinctly dominated by B acidophilus, the coagulation 
IS slimy at twenty-foui houis’ incubation On fuither incubation, the 
acidity of the milk iiici eases owing to the formation of lactic acid from 
lactose, and consequently there is a production of whey The amount 
increases as the incubation is pi olonged 

Whey The amount of whey is designated by a plus sign The test 
tube IS tilted slightly to measuie the approximate amount 

The interpretation of whey varies according to othei findings If 
accompanied by stoimy fermentation it indicates the piesence of spore- 
bearing bacteria, notably B zvclclm, with firm massive coagulation, the 
presence of the fermentative type is indicated The complete peptoniza- 
tion IS a putiefactive process 

Gas Foimation The innei tube takes the place of an ordinary 
fermentation tube used elsewheie It is less expensive, and for loutine 
procedure it answers the purpose just as well The whole length of the 
tube IS considered as 100 per cent If one half the tube is filled with gas, 
it IS considered as 50 per cent , one fourth, 25 per cent 

The amount of gas in the fermentative type is probably low. ranging 
from 0 to 20 per cent , while in the putrefactive flora it is higher, often 
almost 100 per cent 

Summaiizing the findings obtained from milk cultuie in the t}pical 
cases, putrefactive flora is chai actei ized eithei by stoimy fermentation 
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or without blood 

OliemiCdl ReTction ilknhne, ncid or neutral Occult blood seldom present Ocmlt blood negative Occult blood neg itivc 

tests Occult blood often present With or without occult blood 

I’lnsitis Present or absent Present or ibscnt Absent Absent \bsent 
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or yellow soft cuid with considei able whey and gas bubbles, accompanied 
by 40 per cent oi moie of gas m the inner tube Fermentative floia 
shows a firm massive coagulation with some whey and a small peicentage 
of gas or none at all in the inner tube with a distinctly acid reaction 
An analysis of the types of floia is given in the accompanying table 
Emphasis is therefore placed chiefly on the types of coagulation and 
of the peptonizing process 

One Pei Cent Lactose Broth The reaction is adjusted to 0 7 per 
cent of acidity according to an oidinaiy titration method, and the 
mediums are disti ibuted m test tubes The small tubes are inserted as in 
the milk culture for a similar purpose It is autoclaved at 15 pounds 
pressure for twenty minutes One-half cubic centimeter of fecal sus- 
pension IS inoculated into each bioth culture and is incubated at 37 
degiees C for foity-eight houis 

Turbidity This is designated by plus signs accoi cling to its degree 
The piesence of the cob gioup, streptococci and enterococci induces an 
intense turbidity, while the flora dominated by acidophilus shows a 
small ei degree of turbidity 

Formation of Scum, Sediment and Pellicle In the putrefactive 
type, these formations are noticeable especially if dominated by the coli 
group and spore-bearing bacteiia Sediment is observed when the 
streptococci group plays a dominant part In the fermentative type, 
their formation as a lule is scarce, except m the case of a luxuiiant 
growth of yeasts when a thick pellicle frequently develops 

Gas Formation The percentage of gas is computed as in the case of 
a milk culture In the putrefactive type, the percentage always increases 
and often reaches as high as 90 per cent If there is ovei 60 per cent 
of gas in the broth culture coupled with the charactei istic appearance of 
a stormy fermentation in the milk culture, it is safe to deteimme the 
dominance of B zvelchn In the feimentative type, in which B aado- 
pJnlns plays an extensive part, the gas formation is reduced to a mini- 
mum The hydrogen ion concentration of the mediums is bi ought to 
such an extent that the growth of the gas forming bacteria is partially 
or totally suppressed owing to the excessive evolution of acetic and lactic 
acid by aciduric bacteria 

Summarizing the findings obtained fiom the broth culture, we may 
say that the putrefactive type is chaiactenzed by the presence of 
intense turbidity with the formation of a scum and pellicle accompanied 
by a large peicentage of gas in the inner tube Ovei 60 per cent, 
sometimes indicates the presence of B zvclcJm The fermentative type 
shows turbidity to a small extent with oi without scum or pellicle and 
accompanied by a small peicentage of gas 

Veillon Culture A tubing 12 inches (30 4 cm ) in length is used 
for the culture One end of the tube is tightly plugged with an unper- 
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forated rubber stopper, and the other end with a ball of cotton The 
medium used is 1 per cent lactose agar The reaction is adjusted to 
0 7 per cent of acidity The tube is filled with medium 9 inches (22 8 
cm ) in depth and is sterilized m the autoclave at 15 pounds pressure 
for twenty minutes One loopful of suspension is inoculated after the 
medium is cooled down to 42 degrees C , and the tube is tilted back and 
forth rather quickly m order that the inoculum will diffuse through the 
entire tube The tube is dipped into cold water after the inoculation 
and is incubated at 37 degrees C for from twenty-four to forty-eight 
hours When the tube is placed in the incubator, a horizontal position 
IS pieferable for the culture to maintain uniform distribution of growth 
of gas forming and non-gas forming bacteria 

The V eillon culture was originated by V eillon * to determine the 
anaerobic growth, but for this purpose the tube answers three con- 
ditions It favors (1) anaerobic bacterial growth, especially stormy 
fermentation of B zvelchn, (2) the gas formation of facultatne anae- 
robic bacteria, namely, those of colon-hke organism, and (3) non-gas 
formation of B aadophiliis If the deeper part of the medium is filled 
uith big gaps, the presence of B weldm can be suspected In many 
instances, the gas evolved by the fermentative activity of B zvelchn is 
so ^ igorous as to push the plug clear up to the top and break the medium 
asunder, as shown m Figure 2 The small bubbles of gas present 
throughout the culture are of B coh and B aej ogcncs If there is no 
gas formation at all and the culture is occupied by many small fuzzy 
colonies, mostly microscopic, and other colonies of different shapes, it 
IS safe to conclude that there is a decided predominance of non-gas 
forming bacteria Some of these colonies are those of B acidoph'dits 
Summarizing the findings obtained from Veillon culture, we may 
say that m the putrefactive type of flora there is a large amount of gas, 
especially of anaerobic type , in the mixed type there is a large amount 
of gas chiefly of colon-like bacteria with acidophilus colonies scattered 
throughout to a certain extent, and in fermentative type, there is no 
gas formation, but many minute fuzzy colonies of B actdophilus 

In order to ascertain the identity of B acidopJuhis colonies, the plate 
is made from the same medium as the foregoing or preferably 2 per 
cent dextrose agar This will enable the examiner to eliminate the 
colonies of other non-gas forming organisms 

Lactose or Dextrose Agar Plate A fecal suspension, 0 5 c c , is 
inoculated into the medium, and is poured into the plate The streak 
method is not desirable for this particular examination Two aerobic 
plates are prepared for each specimen, and incubated for foity-eight 
houis at 37 degrees C 


4 Yeillon Arch de med exper et d’anat Path 10 517, 1898 
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The plate is made primarily foi the deteimmation of colonies of 
B acidopJitlus The colonies of B aadophilus aie diffeient for each 
individual, and at diflferent times m the same individual There aie no 
coiiespondmg colonies in all the specimens examined Thus, briefly, 
so fai as my expeiience goes with this particulai oigamsm in regard to 
its chaiacteiistic colony foimation, there aie at least the following 
vaiieties 

Fimbiiated type It is chai actei ized by a micioscopic fuzzy colony 
of unusually compact form, lesembhng bits of wool interlaced with 
ladiatmg threads The colony resembles that of B tetamis Under this 
gioup, theie are several subdivisions 

(a) Iriegulai shaped nucleus, dense oi compaiatively transpaient 
with ntimeious fimbiiations 

(b) Oval 01 round colonies with few oi numeious fimbiiations 
The nuclear mattei is somewhat gianular 

(c) A very small colony, usually iiiegularly shaped, and at times 
slightly triangular with a few fimbiiations When this species is being 
examined, caie should be taken not to confuse it with the aitefact 
piesent in the plate 

(d) Conglomerate type with chains of two, thiee or seveial colonies, 
each having a soit of bottle shaped structure with a few fimbnations 
The conglomeration is mostly longitudinal, but seldom transverse 

Nonfimbriated type It is chai actei ized by an oval oi louiid colony 
without fimbriation It is also microscopic, and if we caiefully focus 
veiy shoit fimbriation may sometimes be detected, but not always 
Whether oi not these two main types of colonies aie separate entities 
has not been fully brought out I incline, however, to the belief that they 
are the same except under dififeient concentrations of agai Thus, if the 
agar is concenti ated higher than 2 5 per cent , the pi essure is brought to 
beai on the colonies to such an extent that the characteristic fimbriation 
may not be lecogmzed The hydrogen ion concenti ation of the medium 
as well as that of the fecal suspension is piobably anothei impoitant 
factor to be consideied m this connection 

The percentage of B actdophtlns colonies is taken in pioportion to 
the number of other colonies present in the plate Foi accurate work, 
dififeient dilutions should be prepared to facilitate the work As the 
dilution increases, the numbei of colonies present becomes less, and the 
computation of the peicentage of the acidophilus colonies can be made 
veiy easily Foi instance, if there are 100 mixed colonies present, and 
ten are those of B aadophilus, the percentage of the latter is 10 It is 
necessaiy to examine at least ten diflferent micioscopic fields on the 
plate, and make the aveiage count of percentages Foi routine pui poses, 
the peicentage of B acidophilus colonies is conveniently designated by 
few, many and abundant 
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The study is also made of the relationship of the various kinds of 
colonies with the type of the intestinal flora Thus, in the putrefactive 
type, there is wide variation — a congregation of different types of bac- 
teria, while in the fermentative type, the variety is reduced In other 
words, the reduction of the vaiiety of colonies present means a step by 
which the improvement of the flora takes place 

Summarizing the findings obtained from the plate, we may say that 
in the putrefactive type there is no acidophilus colony present and the 
vaiiety of colonies is numerous, while in the fermentative type there are 
numerous acidophilus colonies with a few other kinds of colonies on 
the plate 

Confirmatory Test for B Welchii Litmus milk is used for the 
culture About 5 c c of the medium is distributed into each tube, and a 
small amount of liquid petrolatum is added in order to make the culture 
favorable for anaerobic growth Then it is sterilized at 15 pounds 
pressure for twenty minutes Fecal suspension, 0 5 c c , is inoculated 



Fig 1 — ^Various colonies of Bacillus acidophilus (sketch) 

into the tube, and is heated in a water bath at 80 C for twent}'’ minutes 
to kill off vegetative foims of flora This is incubated at 37 C foi 
two days 

If B welclm is present, characteristic stormy fermentation takes 
place by the breaking up of the coagulated casein accompanied by the 
butyric odor The evolution of gas bubbles can be detected by shaking 
the tube gently 

The findings in milk, broth and Veillon cultures can be confirmed 
well by employing the foregoing method In case there is a slight doubt 
as to the character of the gas formation in the Veillon tube, this test 
will help to differentiate B welchii from the gas formation caused by 
B aei ogenes or its allied bacteria 

Although It IS generally admitted that B welclm is a strictly fermen- 
tatue bacteria of saccharolytic type, as advanced by Rettger,^ its 


5 Rettger J Biol Cliem 11 71, 1906 
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pieseiice in the cultuial and micioscopic examination is always indica- 
tne of putiefactue floia In all the decisively feiinentatne t}pe of flora 
theie IS hardh any B ivcichu piesent In the combination of co 1 i gioup 
bacteria with B zvclchn, the putrefactive piocess is veiy much aug- 
mented Accoidmg to Herter,® B z^jelcliii is one of the most important 
factois of intestinal putiefaction, being lesponsible foi the so-called 
sacchai obut} 1 1C fermentation As the flora gradually improves, the 
peicentage of B zuclchu and other spoie-beanng bacteiia giadualh 
deci eases This has been plo^ed time aftei time m the examination 
The inciease of the percentage of B acidophilus is almost duectly pro- 
poitional to the decrease of that of B zvclcliii In bioth, the percentage 
of gas 111 the inner tube is greatly diminished, and in milk culture theie 
is no stoiiii) fermentation The most sti iking change takes place in the 
\'eillon tube m iihich theie is a total disappeaiance of anaeiobic gas 
foimation chaiactenstic of B zvcichii Micioscopically, the feimenta- 
tne flora present no tipical morphology of B zoclchu, and instead the 
fields aie coiered uitli gram-positne rods of the acidophilus gioup 
In the intestinal flora B zuclchu and B acidophilus aie the two antago- 
nistic oigamsms, the presence of one is mimical to the othei When 
B zuclchu is suppiessed, B acidophilus is the dominant oigamsm to 
take its place 1 agiee with Mcjei and others that m feimentative flora 
there is no B zuclchu present The theory of bacteriophage has been 
timely ad^anced In d’Heielle,’ and it is nn belief that in some futuie 
time this interesting phenomenon can nell be bi ought out in dealing 
nith the relationship between these t\vo oigamsms foi the deteimmation 
of intestinal floia 

I placed stieptococci, dijilococci and miciococci of an\ vaiiet} undei 
the heading of giam-positive cocci, because they aie very similai in 
their significance m the determination of flora Toney® asseits that a 
high casein or milk diet stimulates the giow^th of sapiophitic streptococci 
and diplococci Among the streptococci piesent, the bievis type is the 
most prevalent According to Andiew' and Hoidei,^ this shoit type is 
Sli epfococciis fccalis, cvhich feiments lactose, sacchai ose and mannite 
but not luffinose The significance of this type in the intestinal floia has 
not yet been definitely brought out, but they often aie piesent m a laige 
numbei of diaiiheal cases secondaiy to piotozoan diseases, oi any othei 
intestinal disoider favoiable foi the pioduction of diaiihea The hemo- 
lytic t}pe is laiely found in the stool If piesent, it may be the result 
of metastasis due to focal infection in the upper lespiiatory tiact It 
IS undeniable in diarrhea that the numbei of diplococci is veiy much 

6 Herter Common Bacterial Infection of Digestive Tract New York, 1907 

7 D’Herelle Bacteriophage, translated into English, 1922 

8 Torrev, J C J M Res 39 415 (Jan ) 1919 

9 Andrew and Horder Lancet 2 708, 1906 
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increased, especially of the enterococci type described as Miaococcw 
ovahs by Thiercelin The number of diplococci is often increased in 
the arthritic cases secondary to focal infection, and in such the fields 
are often crowded with gram-positive diplococci, the number being 
approximately 90 per cent 



Fig 2 — Cultural findings of intestinal flora, first group of tubes of putrefactive 
type, second of fermentative type 1, Veillon tube, 2, litmus milk, 3, 1 per cent 
lactose broth, and 4, milk for confirmatory test for Bacillus welchii 

Yeasts do not bear any significance in interpreting the character of 
intestinal flora They are found as frequently in the putrefactive type 
as in the fermentative type So far as my experience goes with the 


10 Thiercelin Compt rend Soc de biol 55 269 1899 
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organism, there is no giound foi the belief that the f ei mentative process 
IS fa\ored by then piesence They aie often found m laige numbeis 
in a diairheal stool This, howevei, can be accounted foi by an exag- 
gerated pel istalsis in these cases, appearing thus in the specimen without 
having undergone the destiuctive process in the digestive tiact 

M\CR0SC0P1C AKD CHEMICAL EINDINGS IN RELATION TO BACTERIAL 

ANALYSIS 

The chaptei will not he complete without touching on the idles 
played b} macroscopic and chemical findings m coiroborating bacteiial 
analysis They often contiibute more oi less impoitant data on the 
interpretation of the intestinal floia 

Amount of Stool — The amount of the stool has nothing to do with 
the types of intestinal flora, except in the case of constipation, especially 
of the atonic t3pe Here the quantity of the stool is much diminished 
o\\ mg to the excessive absoi ption by the intestinal mucus The number 
of bacteiia also is geneially i educed, and the floia chiefly consists of 
the putrefactive bactei la The aciduric t) pe cannot exist in any obstruc- 
tions along the intestinal tiact favoiable foi chionic constipation 

Colo] — A dark blown suggests the putiefactive type of floia The 
presence of this color is often chaiacteiistic of the meat legimen 
responsible foi the condition In green stools chaiacteiistic of the 
vegetable diet, putiefactne pioccsses aie veiy much lessened, while m 
the yellowish stools of the milk legimen the fei mentative floia is often 
found 

Consi<;tcucy — The scybalic stool haibois putiefactive bacteiia The 
fermentatne type is mostly found in paitly foimcd oi mushy con- 
sistencies Semiliquid and liquid types aie not of desiiable form so fai 
as the chaiacter of the floia is concerned In the lattei, bacteiial con- 
giegation is veiy numeious both in quality and quantity 

Odo) — The odoi of the stool has moie to do with the inteipietation 
of the floia than all othei physical examinations put togethei If the 
examiner accurately conducts his olfactoiy sense, the detei mination of 
flora IS paitially oi wholly made befoie the bactenologic examination is 
completed The putiefactive type impaits an offensive odor owing to 
the presence of indol, skatol and meicaptan, particulaily methyl mei- 
captan, as well as ammonia and hydiogen sulphid The butyiic acid 
odor IS chaiactenzed by sacchai obntyi ic fermentation in the floia 
dominated by B zvclcJin The fei mentative type is chaiactenzed by 
either sour or non-odoi The soui odor is due to the libeiation of acetic 
and lactic acid by the activities of aciduiic bacteiia, which often paitially 
01 wholly inhibit the giowth of puiely alkaline oi putiefactive bacteiia 
In a mixed type the odoi vai les accoi ding to the diet taken oi the t} pe 
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of bacteria dominant in the flora Thus, m this type bacterial antago- 
nism and S} mbiosis are at their height The non-odor that often prevails 
in a putrefactive stool is probably due to excessive absorption of toxic 
substances b} intestinal mucus, and the feces are usually scybalic The 
reduction of the quantity of putrefactive by-products, therefore, means 
the betterment of the flora, and consequent!}' that the odor of the stool 
IS less offensive 

Reaction — The reaction i aries according to the kinds of diet taken 
In a strictl} fruit regimen the reaction is acid, while in a meat regimen 
alkalinity pre^alls In a carbohydrate regimen, the reaction is often 
acid In my stud} , an acid reaction does not necessarily indicate a good 
flora, while the same can be said in regard to the alkalinity of the putre- 
factn e flora Robinson concluded that the hydrogen ion concentration 
of the intestinal content has no relation to the type of the bacterial flora 

Mucus — The fermentative type is seldom found in the stool in 
which mucus is detected in large quantity The presence of mucus 
alwa}s interferes wnth the process of transformation Mucus is an 
albuminous substance, and favors the de\elopment of putrefactive bac- 
teria The presence of mucus, therefore, hinders the progress of the 
intestinal transformation In cases of mucous colitis and other inflam- 
matory and infectious diseases, mucus can be detected either separately 
or mixed with the stools In those instances, the change of flora takes 
on a \ery slow" course 

Blood — ^The presence of either occult or fresh blood suggests the 
inflammatory or infectious processes going on in the intestinal tract It 
may be due to hemorrhoids, fissure or ulcer in the low"er part of colon m 
case fresh blood is found, and ulcer or cancer of the gastro-enteric 
tract in case of occult blood Any infectious processes, such as typhoid, 
tuberculosis or diseases of a parasitic nature, often result in the presence 
of fresh blood In such a case transformation takes place very slowly, 
and in the majority of cases w'lll never occur until the interference is 
remoA ed 

Pathogenic Parasites — Pathogenic parasites are obstacles to the 
transformation of the flora The changes that take place in the intes- 
tinal tract ow ing to their presence are not favorable for the grow"th and 
proliferation of B acidophilus In parasitic diseases, there is more or 
less a continual destruction of the intestinal w"all , toxic substances are 
readil} absorbed into the blood stream, and fermentative processes do 
not take place under such circumstances 

Summarizing these findings, we may say that the conditions favor- 
able for the process of the transformation are a yellowish soft, fluff} 


11 Robinson C S J Biol Chem 52 445 (June) 1922 
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stool ^\lth sour or non-odor, and an absence of mucus and blood as ^\ell 
as of parasites regardless of reaction On the other hand, if the stool 
shows sc}balic or diarrheal t}pes, is dark brown, of putrid odor, with 
or w ithout mucus, blood and parasites regardless of reaction, the putre- 
factu e process is e\ ident pro\ ided the bactenologic examination presents 
the equnalent picture 

CONCLUSION 

1 The bactenologic examination ad\anced here is not for a detailed 
study of the intestinal bacteria, but to determine the general character 
of the flora 

2 Litmus milk lactose broth \’eillon tube and dextrose agar plate, 
together with special milk culture to determine the spore-bearing Lpe 
and microscopic examination, constitute the anahsis of the intestinal 
flora 

3 Macroscopic and ciiemical examinations are necessary to corrobo- 
rate the bacterial anahsis, but the test should be made independently 

4 The classification of the flora is an arbitrar\ altair The inter- 
pretation should be made on the summarized findings of all the 
examinations concerned 



DEFECTS OF MEMBRANOUS BONES, EXOPH- 
THALMOS AND DIABETES INSIPIDUS 


REPORT OF A CASE WITH NECROPSY =■ 

CHESTER Q THOMPSON, AID 
J JAY KEEGAN, AID 

AND 

A D DUNN, AID 

OMAHA 

In 1919, Christian ^ under the title, “Defects in Membranous Bones, 
Exophthalmos and Diabetes Insipidus, an Unusual Syndrome of Dys- 
pituitarism,” reported a case presenting this syndrome and cited two 
similar cases previousl}’- described by Schuller - Three other cases have 
since been reported by Hand ^ and one by Grosh and Stifel,^ making 
seven cases in all reported to date The following case was deemed 
worthy of a detailed report because of the unusually widespread osseous 
dissolution present, because of the rarity of the condition, and finally to 
record a complete postmortem study of this strange disease complex 

REPORT OF CASE 

Histoiy — C J, a boy, aged nine years, came to us, Feb 15, 1923, seeking 
relief from excessive thirst and frequent urination 

The father, mother, one sister and one brother were living and well The 
mother had had no miscarriages One brother died when five months old of 
cholera infantum 

The patient was born and raised in the Alissouri Valley , his birth was at full 
term, the deliver}-- being normal and his weight, 4 5 kg He was bottle fed from 
birth, lime -water was not added to the feedings He had had chickenpox and 
scarlet fever in a mild form without complications His growth and development 
were normal 

In December, 1922 (fourteen months before coming to us), the patient suftered 
a seiere attack of measles which lasted for three weeks No complications fol- 


From the department of clinical investigation, University of Nebraska 
College of Medicine 

1 Christian, H A Contributions to Aledical and Biological Research (Osier 
Festschrift), New York, Paul B Hoeber, 1919, 1 390-401 As Christian’s excel- 
lent paper has formed and will continue to form the basis for studies of this 
baffling sjndrome, it is suggested that for the sake of simplicity the name Chris- 
tian’s s\ndrome be used temporarily instead of the cumbersome defects in mem- 
branous bones, exophthalmos and diabetes insipidus 

2 Schuller, Artur Ueber eigenartige Schadeldefekte in Jugendalter- 
Portschritte der Roentgenstrahlen, 1915-1916, 23 12 

3 Hand, Alfred Defects of Alembranous Bones, Exophthalmos and Pohuna 

in Childhood — ^Is It Dispituitansm^ Am J AI Sc 162 509 (Oct) 1921 

4 Grosh, L D , and Stifel, J L Defects in Membranous Bones, Diabetes 
In<;ipidus and Exophthalmos nith Report of a Case, Arch Int Aled 31 76 
(Tan) 1923 
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lowed sa\e slight looseness of the teeth and soreness of the gums, whicli w'as 
thouglit to presage the eruption of permanent teeth Convalescence, how^ever, w'as 
protracted and he was left in a w'eakened condition from w'hich he never recovered 
Six months after his measles, excessive thirst and urination suddenly appeared, 
persisted for several days, then disappeared At this time a small soft spot w'as 
noted on the riglit side of Ins head , little attention was accorded this softened spot 
as the mother thought it to be “Nature’s way of accommodating a growing brain ’’ 
About one year after tbe measles (three months before coming to us), tbe 
poljdipsia and polyuria returned and persisted wuth increasing severity until he 
was drinking at every chance and passing from 6 to 12 liters of urine dailv His 
strength began to wane and his appetite to fail On several occasions he became 
nauseated and vomited He had no headache and no visual disturbances 

Physical Examuahoti — The patient w'as fairly well developed but emaciated 
His color W’as sallow and dull and his facies that of an old man, but he was 
actnc, talkative and mentalh keen, and apparently he felt well The skin w’as 



Fi& 1 — Patient, C J , six weeks before death , flattening of left side of 
skull, bulging of left frontal and parotid regions, exophthalmos (more maiked 
on left) , prognathism , absence of teeth and facies of an old man 


coarse and dry The chin w’as narrow’ and pointed, fulness w’as apparent in the 
left parotid region, and the frontal eminences were prominent The skull w’as 
symmetrical w’lthout elevations In the right parieto-occipital region was a soft, 
elastic depression about 4 cm in diameter, the edges of which were irregular, 
firm and sharply chiseled There was no tenderness except to deep pressure , the 
hair was abundant, dry, coarse and brown, the scalp was clean and without 
scars There was no discharge from the ears The eyes were prominent but 
there w’as neither lid-lag nor extrinsic muscle paralysis There was slight nystag- 
mus in all directions There was no photophobia, diplopia or lacnmation The 
conjunctivae were normal, the sclerae were white, the pupils were large, equal 
and regular, reacting normally to light and distance, the fundi were normal, the 
vision W’as normal There was no gross deformity of the nose and no evidence 
of obstruction or discharge The hearing w’as normal The lips w’ere of good 
color without herpes, fissures or ulcerations The mucous membrane of the mouth 
was normal but there was marked gingivitis The teeth w’ere clean and sound 
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but loose The tonsils were large and pale, liquid pus could be expressed from 
both The pharjnx was pale and covered with a slight amount of mucopurulent 
secretion No pulsations were visible in the neck The thyroid seemed small 
Examination of the heart and lungs was negative There was no evidence of an 
enlarged thymus The abdomen was retracted and firm There was no adenopathy 
The hands were small and gracile The genitalia were infantile The deep and 
superficial reflexes were normal , there was no sensory disturbance or other 
evidence of peripheral or central nervous system involvement The temperature 
was 36 6 degrees C , the pulse 90 , the blood pressure was 90 systolic and 60 
diastolic The weight was 27 2 kg 

Lahoiaioiy and Special Findings — Hemoglobin totaled 75 per cent (Dare), 
erythrocytes, 4,120,000, leukocytes, 9,600, with normal spreads, the blood urea 
nitrogen was 19 5 mg and the blood sugar 50 mg per hundred cubic centimeters 
of blood, the blood Wassermann reaction was negative The urine was water- 
pale and alkaline , the specific gravity was of 1 000 , neither albumin, sugar reduc- 
tion nor Bence-Jones albumose was found Microscopic examination was negative 
The cerebrospinal fluid was clear and came under normal pressure The gold 
solution curve was 0000000000, globulin was slightly positive, there were four 
cells per cubic millimeter, the Wassermann test was negative The spinal puncture 
had no effect on the uater output The basal metabolic rate was plus 8 

Roentgenograms taken at this time showed the skull (Fig 2) to be normal in 
size and shape, with smooth and regular surfaces except at the vertex and in 
the frontal regions where the outer table alone was lacking The thickness of 
the bones was otherwise normal There appeared to be no diffuse involvement 
of bone, but throughout the upper three-fourths of the cranium were scattered 
numerous defects varying in size, roughly, from 2 to 40 mm m diameter The 
smaller areas were round or oval while the larger ones were quite irregular The 
distribution of the lesions was asymmetrical The superior orbital plates were 
involved Both maxillae showed spotted areas of bone absorption similar to those 
in the skull The sella turcica appeared normal in size and shape, its floor smooth 
and regular It measured 12 by 8 mm The anterior and posterior clinoid 
processes were 5 mm apart The pelvic bones showed lesions similar to those m 
the skull In the left ilium was an irregular area 15 by 20 mm The right ilium, 
as well as both ischii, showed smaller scattered areas of rarefaction (Fig 3) 
The right femur show^ed beginning lesions only in the upper part of the shaft, 
but in the upper third of the shaft of the left femur and in the neck there were 
definite areas of, rarefaction The epiphyses on the heads and greater trochanters 
w'ere ununited Partial collapse of the body of the fourth lumbar vertebra was 
evident At this time a tentative diagnosis of multiple myeloma was made from 
the roentgenologic findings, even in the absence of Bence-Jones albumose and of 
all eiidence of tumor 

Inf aval — Subcutaneous injections of pituitary extract accomplished a 

reduction of the urine output of from 4 to 8 liters a day The specific gravity 


Explanation of Plate 1 

Fig 2 — Skull, Feb 15, 1923, nine months after the first appearance of 
SI mptoms 

Fig 3 — Pelvis, Feb IS, 1923, showing definite bone defects in ilia, ischia 
and femur 

Fig 4 — Skull, Feb 14, 1924, one year later than Figure 2 
Fig 5 — Skull, June 21, 1924, marked increase in bone destruction, which 
had taken place in four months 

Fig 6 — Pelvis, June 21, 1924, inciease in bone destruction 
Fig 7 — Chest showing bone defects in humeri, claviculi and ribs The fine 
mottling of an interstitial pulmonitis that was characteristic in stereoscopic 
plates can be detected 



Plate 1 
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varied from 1 000 to 1 010 After six months of hypodermic pituitary extract 
treatment, epistaxis set in, the patient’s appetite failed, and each injection of 
pituitary extract was followed by pam m the epigastrium and precordial distress 
The pituitary extract was discontinued The distressing abdominal symptoms 
^\ere relieved but the polyuria returned with increasing severity The patient was 
given 45 grains (2 9 gm ) of calcium lactate daily, a sufficient quantity of lime 
water in milk, and ground egg-shells in capsules (a home suggestion) The taking 
of lime salts apparently affected the boy’s sense of well-being because when they 
w'ere stopped on several occasions he remarked that he did not feel so well 
Th^rold therapy w'as of no apparent benefit A nasal spray of pituitary extract 
controlled the polyuria quite satisfactorily About eight months after the first 
examination exophthalmos was already marked and lacrimation troublesome He 
suffered some from lumbar backache and slight pam m the left hip at times, but 
he had always been about and felt quite well Except for a troublesome cough 
with a mucopurulent sputum, which was repeatedly negative for tubercle bacilli, 
and an ominously increasing dyspnea, the patient's general condition remained 
surprisingly good 

The following notes were taken from an examination record made June 21, 
1924, about two years after the onset of the disease, sixteen months after our 
first observation and six weeks prior to the patient’s death The patient walked 
with a marked limp, listing forward and to the left in the manner of a congenital 
dislocation of the hip Pallor was pronounced, the cheeks were sunken (there 


Calcium Dcieimtuahon 


Lrme 

Amount 

Method 

Cileium 

:/ 9/24 

2,600 cc (24 hours) 

McCrudden 

128 mg 

2,660 c c (24 hours) 

Kramer and Tisdall 

152 mg 

7/10/24 

1,400 c c (12 hours) 

McCrudden 

8 mg 

1,400 cc (12 hours) 

Kramer and Tisdall 

36 mg 

7/15/24 

3,440 c c (24 hours) 

McCrudden 

7 3 mg 

Blood Serum 




7/15/24 

13 6 mg per 100 c c 




had been a loss of 2 7 kg in body weight) , the eyes were prominent, and the 
palpebral fissures widened (Fig I) Exophthalmos was marked, iid-lag was 
present, and the visual fields were normal Fulness in the left parotid region and 
bulging of the forehead between the eyes was striking The entire skull was 
soft and dough 3 '^ with only a coarse irregular framework of supporting bonv 
ridges Straining or coughing caused the soft areas to bulge The gingivitis was 
serere and the teeth were held only by the soft investing tissue, as the alveolar 
processes had been absorbed There was some mucopurulent material on the 
posterior pharjngeal walls and pus could be expressed from the tonsils and gums 
There was moderate general adenopathy, which had developed during the last 
year, but the spleen was not enlarged The lungs were hyperresonant to percus- 
sion ^\lth numerous small and large dry rales and prolonged expiration The 
spine had become bent forward in the lumbodorsal region with an even curve 
There were no visible or palpable bony deformities of the extremities or spine 
The laboratory findings at this time were hemoglobin, 60 per cent , erythro- 
cytes 3,800,000, leukocytes, 10,200, with polymorphonuclears, 71 per cent , small 
lymphocvtes, 20 per cent , large lymphocytes, 18 per cent, and eosinophils, 1 per 
cent The urine was clear and alkaline in reaction with a specific gravity of 
1 000 vv ithout albumin, sugar or Bence-Jones albumose Microscopic examination 
was negative The calcium determinations are given in the accompanying table 


5 The methods used were those of McCrudden, F H J Biol Chem 7 83, 
1910 and of Kramer, B , and Tisdall, F T Bull Johns Hopkins Hosp 32 44 
(Feb ) 1921 It IS to be regretted that hospitah7ation was not permitted for 
complete metabolic studies as a satisfactory solution of this syndrome will probably 
not be obtained without more complete knowledge of its metabolism 
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A roentgenologic study of the entire skeleton at this time levealed the 
following 

The skull truly merited the term geographic (Fig 5) On the left side of 
the skull m the rcai portion of the left frontal bone there was an ii regular aiea 
ol bone estimated at 30 mm long and 20 mm wide, and an irregular area in 
the parietal bone 20 bv 15 mm Except foi these islets of bone the entire fronto- 
parietal legion was gone The occipital bone was largely free from destruction 
except m the region of the lambdoid suture On the right side easily half the 
skull was gone and on the left side fully three-foui ths There was a definite 
dissolution of continuity, or fauUmg of the frontal bone, measuring fully 4 mm 
The sella turcica, except for a small spot in the anterior w'all, was without 
eMdcnce of erosion and was normal in shape and contour except that the posterior 
clinoid processes were quite thick, set well back and erect The sum total of 
bone loss in the skull had practically doubled in the last five months In one and 
one-half years it had increased at least tenfold (Figs 2, 4 and 5) Decalcifica- 
tion was extensive in both jaw'S 

The bones m both feet and legs weic normal except that the shafts of the 
tibiae showed a moderate periostitis The bones of the hands and foreaims w'ere 
normal 

The ilia showed many and extensive areas of dccalcification (Fig 6) The 
upper end of the shaft and the neck of the left femur showed one decalcified 
area about 2 cm in diameter The right ischium showed several areas of 
dccalcification and also some excess of bone production Practically all the ribs 
show'cd areas of dccalcification The shaft of the right humerus throughout its 
middle third showed numerous small areas and the head of the left beginning 
spots of dccalcification (Fig 7) The cervical vcrtebiac show'ed considerable 
dccalcification which was cspcciallv noticeable in the sixth and seventh There 
were bone defects in both scapulae The clavicles appeared normal > 

Roentgenograms of the chest (Fig 7) retcaled the diffuse increase m density 
characteristic of chronic interstitial pulmomtis 

\s death approached the cough and djspnea became more and more trouble- 
some Attacks of nocturnal dvspnca with tachycardia lecurred wuth increasing 
frequencA Exitus came quite rapidly from cardiac failure, attributed to impaired 
circulation incident to extensive pulmonar\ fibrosis 

CLINICAL COMMLNl 

It IS obMons that clinical inleiest in this unusual syndiome must 
ccntci about (1) the hone destruction and the mechanical distui bailee 
that may aiise thciefiom, (2) the sella tuicica because of pievalcnt 
conception of the idle of the hypophysis in skeletal giowth and diabetes 
insipidus, (3) the pathogenesis of diabetes insipidus, and (4) any 
etiologic infeiences the beh.ivioi of the disease may suggest 

Defects in Bones — In suivcynig the cases lepoited, “defects in 
membianous bones” loom laige The defects in the cianial bones in 
0111 case made a staithng pictuie — a head of jelly with only a few 
stmts and giideis of bone to suppoit it The fatiHing of the fiontal 
bone with its oibital plates fully explained the exophthalmos Aftei the 
]:)atient had been up and about, the exophthalmos was i datively equal 
in both eyes, aftei he had lam foi an hour oi two on eithei side the 
jiiotiusion of the “down” eye would increase maikedly and the “up” 
eve would lecede Physiologic disturbances in othei intiacianial stiuc- 
tuies, such as the hypothalamus, might be logically postulated on a 
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mechanical basis alone, or through involvement of adjacent tissues by 
the same processes that were accomplishing bone destiuction The 
peculiar gait and “listing” of our patient was accounted for by the 
destruction of the body of the fourth lumbar vertebra 

Sella Twcica — Changes in the sella have not been an outstanding 
feature in reported cases 

The sella turcica was somewhat enlarged and slightly flattened and in the 
stereoscopic view it looks as if there is a slight defect in the base of the skull 
very close to, if not continuous with, the sella turcica (Christian) 

The sella turcica is markedly changed, only the dorsum sella is present, the 
anterior part of the floor of the sella is greatly deepened (Schuller’s Case 2) “ 

In only one of Hand’s cases was theie a roentgenogram, this showed 
“the sella turcica to be unmvolved m the bone change ” In Grosh and 
Stifel’s case, they stated that the bones forming the budge of the nose 
were not involved nor the sella turcica, which was normal In our 
case stereoscopic loentgenograms levealed no changes in the size or con- 
tour of the the sella such as might reasonably denote abnoimabties m 
the hypophysis, only a small defect in the floor of the sella being sus- 
pected Out of five cases in which mention of the sella was made only 
one case showed definite sellar changes, a high percentage of noimalitv 
if we are to assume a pituitaiy origin for the syndrome Furthermore, 
because the hypophysis seems to have something to do with the laying 
down of bone in skeletal growth there is no evidence that by a leverse 
process it may cause wholesale destruction of disseminated aieas of noi- 
mally built bone 

Diabetes Insipidus — ^While diabetes insipidus has been commonly 
found in lesions of the pituitary gland, two views prevail as to its patho- 
genesis An older and geneiall}'- accepted view is that it is due to pitui- 
tary disease Rowntiee’' was unable to find in the literature any case 
of diabetes insipidus in which the necropsy failed to show changes m 
the pituitary gland Motzfeldt ® concurs Engelbach and Tieiney ® also 
assume a deficiency disease and call attention to the “stiaiige tendency 
to exclude pituitary disorder in the absence of typical sellai erosions or 
deformities ” Furthermore, that posterior lobe extract or pituitary 
extract is the only agent known to control the polyuiia is iiitei preted in 

6 It would seem that for the sake of clarity Schuller’s Case 1 should not be 
included m this syndrome This patient did not have diabetes insipidus but 
dystrophia adiposo genitalis , the defect m the cranial bones i\ as largely con- 
fined to one side (the left) Schuller’s assumption was a tumor at the base of 
the brain ( other changes suggested pressure”), either an angioma of the dura 
or of the skull 

7 Rowntree, L G Oxford Med 4 185, 1921 

8 Motzfeldt, K Endocrinology 2 94, 1918 

/j 171 Tiernej, J L Pituitari PoRuria, Internst Climes 
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the light of substitution theiapy On the othei hand there is much 
experimental evidence for the other view, that diabetes insipidus is of 
extrahypophyseal, or basilai, oiigm Sajous gives an excellent expo- 
sition of this theor} The argument that diabetes insipidus is a pituitary 
deficiency disease because the polyuria is conti oiled by pituitary extiact 
IS met by the argument that no one would assume that asthma is a 
suprarenal deficienc} disease because it may be controlled by epmephiin 
Furthermore, there is much evidence, largely experimental, m favor 
of an extrahypophyseal origin Camus and Roussy punctuied 
thiough the sphenoid bone with a heated dull without injuring the 
hypophysis, the region known to anatomists as the hypothalamus and 
thus induced peimanent pol}uria They also produced polyuria in a 
dog without pol3'uria from which the hypophysis had previously been 
removed, demonstrating that the poljairia did not depend on the 
hypoph) SIS Bailey and Bremer repeated the experiments and con- 
firmed the results of Camus and Roussy, using the Paulesco-Cushing 
method of lateral appioach They succeeded m producing polyuria m 
thirteen out of thirteen dogs by injuiy of the hypothalamic legion with- 
out trauma to the hypophysis The results of numeious tests earned 
out on these dogs justified to them "the conclusion that the persistent 
polyuria proioked in this manner (by lesions of the paia-infundibular 
region of the hypothalamus) has all the chaiacteristics of diabetes 
insipidus” This experimental diabetes peisisted after deneivation of 
the kidney and therefoie could not be atttributed to nervous or vaso- 
motor disturbances Hanchett “ was able to produce polyuiia m only 
one instance in nine dogs by stimulation of the anterioi and posterior 
lobes of the hypophysis with a hot rod On the other hand he was 
able to induce polyuria regularly by ti action on the stalk Hanchett 
concludes 

Experimental lesions of the hypophysis similar to those producing negligible 
excretory changes, when associated with traction on its attachment to the floor 
of the third ventricle, uniformly produced polyuria The degree of polyuria was 
roughly m proportion to the amount of traction 

Curtis^"' confiimed the experimental results of Camus and Rouss)^ 
Hanchett, and Bailey and Bremer in that diabetes insipidus is essen- 
tially of hypothalamic origin, he legaids expeiimental diabetes insipidus 

10 Sajous, C E D Am J M Sc 167 679-696 (May) 1924 

11 Camus, J, and Roussy, G Compt rend Soc de biol 75 483, 1913 

12 Camus, J, and Roussy, G Endocrinology i 507 (Oct -Dec) 1920 

13 Bailey, Percival , and Bremer, Frederic Experimental Diabetes Insip- 
idus, Arch Int Med 28 773 (Dec ) 1921 

14 Hanchett, M Experimental Poljuna, Am J M Sc 163 685 (May) 
1922 

15 Curtis, G M The Production of Experimental Diabetes Insipidus 
Arch Int Med 34 801 (Dec ) 1924 
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as essentially a “hypothalamic thirst phenomenon ” In the absence of 
definite sella changes and m the light of recent experimental results we 
were not justified in assuming clinically the existence of hypophyseal 
disease in our patient 

Etiologic Inferences — The close relationship of antecedent infec- 
tions to the disease is worthy of notice Christian’s patient had mumps 
four months before entrance to the hospital, and loosening of the teeth 
and swelling of the gums six months before In Schuller’s Case 2, the 
patient had whooping cough six months prior to the sudden development 
of left sided exophthalmos Hand’s first case was admittedly infectious 
and was diagnosed tuberculosis, although the necropsy failed to demon- 
strate characteristic tuberculous lesions In Hand’s Case 2, recession of 
the gums with the gradual loss of teeth began from five to six months 
after scarlet fever At the same time a soft spot was noted m the head 
Twenty months after the scarlet fevei, diabetes insipidus appeared^® 
In Grosh and Stifel’s case polyuria developed seven weeks after drainage 
of the left mastoid , preceding this foi some time the patient had had a 
discharging ear Our patient never recovered fully from a severe attack 
of measles followed by sore gums and loosening of the teeth, which 
pieceded the first attack of polyuria and the first softening of the bone 
by six months In only thiee cases weie leukocyte counts made In 
Christian’s case, the leukocyte count ranged from 6,600 to 12,600 with 
an occasional rise to 14,100, 15,600 and 20,100, the differential on admis- 
sion showing polymorphonuclears 30 per cent , lymphocytes 45 per 
cent , large mononuclears 23 per cent and eosinophils 2 per cent In 
Grosh and Stifel’s case, one count of 8,000 leukocytes with normal 
spreads is recorded In our case, three counts vaiied from 9,600 to 
10,200, with polymorphonuclears 71 per cent , small mononuclears 20 
per cent , large mononuclears 18 pei cent and eosinophils 1 per cent on 
one count The temperature was not noted in any of the other cases, 
except in Hand’s first case, in which temperatures of 102 2, 99 and 105 
degrees were noted Occasional unaccountable rises of temperature to 
101 degrees were noted m our patient The existence of widespread 
infection was further supported by the signs of diffuse pulmonary 
infection with the clinical and roentgenologic findings of a chronic 
interstitial pulmonitis, infected tonsils, gingivitis, postnasal discharge 
and the later development of a general adenopathy 

NECROPSY 

The body was that of an embalmed white boy, appearing older than the given 
age of 11 j'^ears The development was fairly normal , the skin was pale and 
nutrition poor 

16 In Hand’s Case 3, which was incompleteh’^ studied, there was no polyuria, 
but the patient did have characteristic defects in the membranous bones 
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In the head, the most noticeable feature was a marked bilateral exophthalmos, 
more pronounced m the left eje, which w'as distinctly lower than the right 
(estimated 5 mm) The nose was small and the bridge sunken Manj teeth 
w'ere absent The contour of the cranial vault was distinctly asjmmetncal with 
a soft flattened forehead and soft, pliable parietal regions Palpation reiealed 
an extensive bone deficiency — a membranous cranium A narrow', irregular, 
sharpK delimited bridge of bone extended diagonallj across the vault from the 
right extenial orbital process to the left mastoid In the frontal region, the 
membranous cranium was limited by a sharp border w’lth tw'o processes jutting 
upward about 3 cm from each supra-orbital ridge In the midhiie the bone 
deficiency extended to and included the nasal bones In the left temporal 
region, the membranous cranium reached to the lei el of the zygomatic arch, 
while in the right temporal region, the bone border w'as at the middle of the 
squamous part of the temporal bone Postenorh, the bone deficiency w'as 
limited by the superior occipital line, except for a projecting spine of bone 
about 2 cm long in the midline The scalp and aponeurosis stripped easily 
from the bone and the membranous cranium beneath In the center of the 
largest membranous areas, there was slight adherence by yellownsh fibrous 
tissue The underlying membranous cranium was opaque and had a mottled 
coagulated appearance The bone edges were abrupt and sharp 

The membranous cranium, which included a rather firmly adherent dura 
mater, was cut easily with knife and scissors The subdural space w'as normally 
free The inner surface of the dura beneath the membranous cranium was 
mottled by' a dull yellowish tissue which took a scharlach r fat stain I^Iicro- 
scopic section through this region showed a lining layer of large oval cells, 
w'lth sharp borders, w’lth clear, slightly granular cytoplasm, and small compact 
centrally placed nuclei The cytoplasm contained a lariable amount of lipoid 
material m fincK dixidcd form The cranial membrane that this fatty layer 

lined consisted of typical dense white fibrous tissue, with no cMdent lines of 

clea\age between the dura proper, the endosteum, the absorbed cranial bone 
and the periosteum The dura of the falx cerebri and that beneath the intact 
cranial bone had a normal smooth, w’hite, glistening appearance and stripped 
easily, re\ealing a gray, translucent tissue fitting closely into the groo^e 
between the two tables at the bone margin Microscopic sections of this 

tissue at the bone edge show ed a highly cellular tissue composed chiefly' of large 

cells W'lth eosinophilic cytoplasm and large reticular nuclei In many places, 
particularly at the bone border, these cells appeared to ha\c fused to form large 
multmuclear, foreign body giant cells (Fig 8, giant cells at bone border) The 
nuclei m some were arranged peripherally' in a semicircular manner, but the 
majority w'ere centrally located, the nuclei numbering from a few' to tw'enty or 
more The remaining cells of this soft tissue consisted of lymphocy'tes, plasma 
cells and polymorphonuclear leukocytes and eosinophilic cells Quite dense 
infiltrations of each of these cell ty'pes could be found m different regions 
There w'as a gradual narrow'ing and complete fibrosis of this tissue from 5 to 
10 mm from the bone edge, where it joined the dura to form the membranous 
cranium (Fig 9, transition from cranial bone to membrane) The larger areas 
of bone by' transmitted light show'cd round or oval decalcified areas of variable 
size, bounded by the same grayish cellular tissue at the border The dura and 
periosteum were adherent over these areas Other darkened areas w'ere seen 
in the bone w'here the external and internal tables w'ere intact and the peri- 
osteum not firmly adherent Microscopic section of these show'ed a beginning 
cellular proliferation and infiltration in the diploctic spaces similar to those 
described above 

The exposed convex surface of the cerebral hemispheres appeared entirely 
normal in size, color and conformation There w'as no involvement or thicken- 
ing of the pia-arachnoid Elevation of the frontal lobes of the brain reiealed 
an enlarged, yellow'ish infundibular stalk, measuring from 2 to 3 mm in 
diameter This ^ellow'lsh iinolvement of the infundibulum extended as a 
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bulbous enlargement into the tuber cmereum (Fig 10, basilar view of tuber 
cinereum) and r^as distinctly outlined in the median sagittal section from the 
optic chiasma m front and the gray brain substance above (Fig 11, median 
sagittal view of tuber cinereum) Serial sections were made of the tuber 
cinereum and adjacent structures (Fig 12, sagittal section of tuber cinereum) 
The region of the pathologic condition appeared as a darker stained area 3 mm 
in diameter, with a somewhat indistinct upper border, which was histologically 
similar to the soft tissue at the cranial bone edge At the lower edge of the 
infundibulum, several normal glandular acini were seen surrounded bv a 
millimeter or two of tissue composed chiefly of large cells with abundant pale 
eosinophilic cytoplasm and fairly large reticular nuclei A few cells appeared 
to ha^e fused to form multinuclear giant cells There was a moderate infiltra- 
tion with mononuclear cells, but with ver}' few polj'morphonuclear leukocytes 
A process of fibrosis appeared under wa\, the cells alining themsehes m 
parallels and whorls and having the appearance of fibroblasts There were very 
few blood ^essels The microscopic picture farther up into the tuber cinereum 
shoved a central strand of dense white fibrous tissue, continuous with a very 
dense fibrosis comprising the entire area of junction with the nervous tissue 
(Fig 13, dense fibrosis of tuber cinereum) Where this pathologic condition 
extended into the brain tissue, there vas a marked perivascular mononuclear 
cell infiltration This pernascular infiltration extended a short distance into 
the nenous tissue bejond the fibrosis (Fig 14, perivascular infiltration in 
nervous tissue) Bordering on the dense fibrous tissue of the tuber cinereum 
was the characteristic eosinophilic cellular tissue described in the infundibulum 
This extended several millimeters upward along the posterior border of the 
tuber cinereum, apparantly as a pial perivascular infiltration, to the same level 
as the penvascular infiltration in the ner\ous tissue Multinuclear giant cell 
formation wms quite prominent in this region (Fig 15, multinuclear giant cells 
m the tuber cinereum) A focus of dense small mononuclear cell infiltration 
was present at the base of the fibrous one (Fig 16, focus of lymphocytic 
infiltration m tuber cinereum) There was a sharp line of separation anteriorly 
between the optic chiasm and the cellular zone A slight perivascular cell 
infiltration extended into the upper and lateral part of the chiasm 

The h 5 "poph 3 'sis wuth its dural envelop w'as removed intact. It was of normal 
size and reddish The infundibulum at its junction wuth the gland Avas of 
normal size and appearance, measuring from 1 to 2 mm m diameter A gross 
sagittal section of the pituitary gland show'ed normal anterior and posterior 
lobes Serial sagittal sections of the gland and dura, including the infundibulum, 
were made Microscopicallj", the anterior lobe show'ed the normal elements of 
large, brightly stained pink cells (eosinophilic), large, darkl} stained blue 
cells (basophilic) and a few^ small, pale blue cells (neutrophilic or chromo- 
phobic) arranged in cords and separated b}"- vascular stroma The basophilic 
cell predominated in the anterior region w’here there w'ere only scattered 
eosinophilic cords The eosinophilic cells predominated in the central region 


EXPLA.XATION OF Pl\TE 2 

Fig 8 — Foreign body giant cells, poljmorphonuclear leukocjtes and plasma 
cells in tissue obtained from seat of active bone destruction 

Fig 9 — Normal bone sliowung area of active bone destruction wuth fusion 
of periosteum, endosteum and dura to form the membranous cranium 
Fig 10 — Basilar vuew of tuber cinereum with jellowish bulbous enlargement 
Fig 11 — Median sagittal vuew' of tuber cinereum 
Fig 12 — Sagittal section of tuber cinereum showing area of active inflam- 
mation 

Fig 13 — Dense fibrosis in tuber cinereum 


Plat e 2 
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and all three types of cells appeared indiscnminatelj mixed in the posterior 
region, with possibly a predominance of neutrophils (chromophobes) The pars 
intermedia was lather poorly defined but was identified by its position and by 
its fibrous stroma, indefinite cell elements and a few alveoli containing colloid 
The pars posterior or pars nervosa was not entirely normal The most evident 
pathologic condition was a slight infiltration of polymorphonuclear neutrophilic 
and eosinophilic leukocytes without increase of fibrous tissue Small scattered 
foci of degenerated cells and peripheral foci of basophilic mononuclear cells 
resembling lymphoid follicles were found The pathology was interpreted 
as a subacute degenerative and inflammatory process of relatively recent origin 
The base of the infundibulum showed a considerable dense, white fibrous stroma 
with an extension into it of the normal cellular elements of the pars posterior 
and of the glandular elements of the pars anterior Surrounding this was a 
tissue composed chiefly of faintly stained large eosinophilic cells, fusing in 
places to form multmuclear giant cells, and moderately infiltrated with smaller 
mononuclear cells This tissue, which had embedded in it a few glandular 
cords and alveoli, was thickest on the anterior surface of the infundibulum 
and could be traced a short distance into the superior portion of the pars 
anterior of the pituitary gland The dura surrounding the pituitary gland 
appeared intact as a dense, white, fibrous tissue, although anteriorly there 
was attached to its outer surface a cellular tissue composed of pale eosinophilic 
cells and a varying amount of fibrous stroma, infiltrated with mononuclear, 
polymorphonuclear and eosinophilic cells This tissue evidently arose from an 
adjacent decalcified area of bone in the right anterior wall of the pituitary 
fossa It did not appear to extend through the dura at any place Posteriorly, 
the dura surrounded a rather narrow extension of the pars posterior, the center 
of which showed some necrosis Above the pars posterior there was quite a 
thick fibrous layer which was continuous with the fibrous septum of the pars 
intermedia and also with the central fibrous strand of the infundibulum 

The pituitary fossa appeared of normal size and shape except that the 
anterior clinoid processes seemed to be depressed, owing to a dropping of the 
lesser wings of the sphenoid bone and the superior orbital plates The following 
measurements of the pituitary fossa were taken between anterior clinoids 
23 nun , anterior-posterior, 12 mm , width of dorsum sellae, 17 mm , thickness 
of dorsum sellae, 4 mm , depth of pituitary fossa, 9 mm , width of base of 
pituitary fossa, 11 mm , and anterior-posterior of fossa, 10 mm In the right 
anterior and inferior region of the pituitary fossa was a decalcified area of 
bone, 5 mm wide and 8 mm long, which extended forward under the lesser 
wing of the sphenoid (Fig 17, pituitary fossa showing erosion in the floor) 
The floor of the skull showed extensive bone defects in the anterior and middle 
fossae Bone destruction was so distributed m the anterior fossa that the 
entire mesial borders of the superior orbital plates were freed and could be 
easily depressed with the finger The left orbital plate was loosened by exten- 
sive bone absorption which had involved the temporal plate of the frontal bone, 
the greater wing of the sphenoid, the squamous portion of the temporal bone 


Explanation of Plate 3 

Fig 14 — Perivascular infiltration in brain tissue adjacent to tuber cmereum 
Fig 15 — Multmuclear giant cells in tuber cmereum of same type as found 
at bone margin 

Fig 16 — Focus of lymphocj’tic infiltration in tuber cmereum 
Fig 17 — Bone defects m base of skull, showing faulting of orbital plates 
Fig 18 — Proximal end of left femur showing bone defects 
Fig 19 — Interstitial fibrosis of lung, the same general process as found m 
the bone margin and tuber cmereum 



Pl \ti: 3 
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and the suture line between the orbital plate and the lesser wing of the 
sphenoid Some supporting bone remained on the right side The loosening 
and depression of the superior orbital plates could easily account for the 
exophthalmos 

The greater wings of the sphenoid bone were extensively decalcified in an 
irregular manner Ihe larger defects were filled with a mixture of dense 
yellowish-white fibrous tissue with grayish cellular tissue at the bone margins 
Sections of this tissue showed the same cellular characteristics as described 
m the cranial bones of the vault Mononuclear cells predominated, with 
scattered giant cells, and polymorphonuclear and eosinophilic cell infiltrations 
The white fibrous tissue showed dense collagen fibrils and a few small nuclei 
The squamous portions of both temporal bones were decalcified in a similar 
manner , there was no involvement of the petrous portions, mastoids, or middle 
ear cavities The nuchal portion of the occipital bone was intact but most of 
the cerebral portion was decalcified The sphenoid sinus was involved in the 
destructive process affecting the anterior cerebral fossa and was filled b> dense 
white fibrous tissue The ethmoid cells were likewise obliterated by tissue 
growth 

The proximal extremity of the left femur w'as removed and examined A 
round decalcified area, 1 cm m diameter, was found on the lateral surface just 
below the greater trochanter (Fig 18, proximal extremity of the left femur) 
There was no change in contour lines, no unusual adherence of the periosteum, 
and the bone edge surrounding the area was quite sharp The same process 
involved the cancellous bone between the trochanters The cut surface showed 
a fairly firm, grayish white tissue Sections of this tissue, including the bone 
border of the lateral cortical defect, showed the same process of variable 
cellular infiltration, multinuclear giant cell formation and transformation from 
loose to firm fibrous tissue described elsewhere 

The thyroid gland was of normal sire, appearance and histologic structure 
Two parathyroid glands were identified m the posterior capsule of the thyroid 
as small grayish red oval bodies about 2 mm long, they were histologically 
normal 

The pleural cavities were free from adhesions The lungs were firm and 
pale from formaldehyd fixation No nodules were present Microscopically, 
there was found an extreme interstitial fibrosis, the alveolar walls being 
thickened to a degree which almost obliterated the normal lung architecture 
(Fig 19, interstitial fibrosis of lung) There was a moderate mononuclear cell 
infiltration in this tissue and numerous small blood vessels A few polymorpho- 
nuclear cells were present Some of these thickened septums were covered 
with a single laver of cuboidal epithelium In places this appeared desquamated 
and formed confluent masses of cells The bronchioles were enlarged and 
lined with a hyperplastic layer of columnar epithelium There was no cellular 
material in the lumina The heart was slightly enlarged, the right ventricular 
wall particularly was thickened The valves were normal Microscopically, 
the myocardial fibers were well defined, slightly granular, closely approximated 
and not fragmented There was no infiltration The aorta and coronary 
vessels were normal 

When the abdomen was examined, the peritoneum was smooth and glisten- 
ing The liver was about 5 cm below the costal margin in the midclavicular 
line, dark red and enlarged Microscopically, the liver cords were everywhere 
well defined, the cells showing little granular degeneration or vacuolation A 
few cords contained bile pigment The liver sinuses were dilated and contained 
an occasional polymorphonuclear leukocyte The portal areas showed no 
fibrosis The gallbladder was normal and the bile ducts patent The stomach 
was contracted, pale and showed no tumor masses or ulcers GrossN and 
microscopicalh, the gastro-mtestmal tract was practicallj normal The pan- 
creas was grossK and microscopically normal The spleen w'as slightly 
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enlarged, firm and dark red Microscopicallj’-, there was a marked engorgement 
of the sinuses wuth red blood cells and a considerable number of cells packed 
w'lth hemosiderin pigment The septums w'ere not thickened The splenic 
nodules w'ere quite prominent as basophilic cellular areas as contrasted with 
the eosinophilic pulp The central arteries were normal The kidneys were 
distinctly enlarged and slightly lobulated Gross section showed a normally 
striated and delimited cortex, 7 mm in wudth Microscopic sections showed 
numerous large normal glomeruli The convoluted tubules had large cells wuth 
abundant eosinophilic granular cytoplasm, brush border and slight elevation 
into the lumen The loops of Henle could be characteristically differentiated 
into descending and ascending limbs There w'as no interstitial tissue increase 
or infiltration The pelvis of the kidney and the ureters were normal The 
bladder wall w’as markedly thickened from muscle hypertrophy The mucosa 
was pale and smooth The suprarenals w-ere of normal size, the cortex yellow, 
the medulla intact and not thickened They were histologically normal 

The pathologic diagnosis was exophthalmos, decalcification of the bones, 
fibrosis of the tuber cinereum , slight subacute inflammation of the pars 
posterior of the pituitary gland, chronic interstitial fibrosis of the lungs, 
hypertrophy of the heart, chronic passu c congestion of the liver and the spleen, 
hypertrophy of the kidneys, and hypertrophy of the bladder 

A neciops} of a case of defects in membranous bones, exophthalmos 
and diabetes insipidus, while giMiig highly instructive and suggestive 
findings, fails to fix beyond all peradventure the nature and cause of 
the disease Histopathologic studies point to an inflammatory rather 
than to a degeneratne oi a primary metabolic piocess The absence of 
a material pathologic condition in the anteiior lobe of the hypophysis 
excludes it as a factor in the bony defects The relatively negligible 
changes found in the pars posteiioi and the fact that their apparent 
origin was more recent than those changes found in the tuber cinereum, 
in the bones, and in the lungs eliminates the pars posterior as an impor- 
tant factor in pathogenesis If the hypoph)sis were to be held in an} 
way responsible for such yvidespread, bizarie disease processes one 
would expect more than the rathei negligible pathologic changes found 
in the gland proper The other ductless glands were found to be nor- 
mal The preponderance of evidence is against an endocnnologic 
origin for the syndrome unless perchance one wishes to consider the 
tuber cinereum an endocrine, and to attribute to a diseased tubei unlim- 
ited powers of bone destruction The changes in the stalk appealed of 
more recent origin, lessening the possibility of its participation in the 
causation of the syndrome That the lesion in the tuber cinereum ^^as 
the probable cause of the diabetes insipidus, however, is supported by 
the results obtained by Camus and Roussy, Hachett, Bailey and Bremer, 
and Curtis in their work on experimental polyuria in dogs The lesions 
in the tuber cinereum were of the same character and apparent maturity 
as the lesions in the bone and in the lungs, which suggests that these 

17 While the testes w'ere examined at necropsy and w'ere pronounced 
grossly normal, they w'ere inadvertently not included in the material sa\ed 
for histologic studies 
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lesions were produced by the same agent at about the same time The 
inflammatory character of the histopathologic condition, supported by 
numerous facts brought out in the clinical study, viz , fever, onset sub- 
sequent to measles, secondary anemia, chronic interstitial pulmonitis, 
marked gingivitis, markedly infected tonsils, etc , points to an infectious 
origin In other words, an organism with bone-lytic properties or with 
the capacity to induce tissues to produce bone lysis would seem a rea- 
sonable etiologic explanation for the disease On account of the 
absence of tumor, and on account of numerous differences in clinical 
behavior myelomatosis was excluded, although the histologic structure of 
some of the material was very similar to that described by Berkheiser 
as multiple myelomas in children Furthermore, the infectious theory 
of the origin of multiple myelomas is as fitting as any If the infec- 
tious hypothesis is true, we may expect to find cases without diabetes 
insipidus (absence of hypothalamic im'^olvement^) and with other symp- 
toms depending on involvement of structures not materially affected 
in our case Clinically and pathologically considered, destruction of 
membranous bones was the paramount disease process in our case, 
exophthalmos a mechanical effect, and diabetes insipidus probably a 
result of associated involvement of the tuber cinereum 

SUMMARY 

In a case of defects in membranous bones, exophthalmos and dia- 
betes insipidus studied clinically and pathologically, dyspituitarism as a 
cause for the syndrome was excluded by the absence of material 
pathologic changes in the hypophysis Pathologic support was given 
to current work on experimental polyuria which puts the lesion of dia- 
betes insipidus in the hypothalamus From clinical behavior and from 
pathologic findings an infectious etiology seemed more likely than a 
primary metabolic (endocrinologic) disturbance 

630 Bankers Reserve Life Building 

18 It was suggested that the lung condition by causing tissue asphyxia 
might have induced calcium absorption and have thus played a part in the 
bone destruction One of us (A D D ) has seen three cases at necropsy with 
fully as marked lung findings of a similar character in which there were no 
skeletal changes 

19 Berkheiser, E J Alultiple IVLelomas in Children, Arch Surg 8 853- 
881 (May) 1924 
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The old blood letters were well aw'are that tinder certain pathologic 
conditions, notably set ere diabetes mellitus, the blood may contain an 
excess of fat so great that, on being left to stand, a thick, creamy layei 
separates at the top, and that at necrops} creamt masses are found abote 
the clots m the cat ities of the heart and m the large t essels throughout the 
body It tvas thought that the presence of such laige amounts of fat in 
the blood stream must of necessity mechanicall} impede the circulation 
and perhaps gite rise to fat emboli Best knotvn and most persistent 
of these h}potheses w'as the one that attributed diabetic coma to fat 
embolism of the brain The untenabihty of this view' w'as shown by 
the fact that diabetic coma often occurs m the absence of an) con- 
siderable hpeniia and Mce \ersa Though the quantity of fat in the 
blood may be enormous, eien surpassing 25 per cent by weight, fat 
emboli do not occur because of the exceedingly fine state of dispersion 
of the emulsified fat, in contradistinction to the large drops that enter 
the circulation following trauma to the bone mariow' An) anatomic 
findings encountered m a case of lipemia, therefore, are not to be 
attributed to fat embolism Nor is there any evidence that the large 
amount of fat so alters the viscosity or other ph)Sical properties of the 
blood as to increase mechanicall) the w'ork of the heart 

The first to note any morphologic changes in the organs due to 
lipemia, so far as w'e can ascertain, w'as the Scotch clinician Coats ^ 
Describing the postmortem findings in tw'o diabetic patients wdio died in 
coma w'lth lipemia, he w'rote “The spleen had an extraoi dinary pale 
color suggestive of salmon roe,” and, “The appearance of the spleen 
in the first case w'as very peculiar and w'as such as I have never befoie 
obser\ed m)self or seen described On microscopic examination it w'as 
seen that there w'ere large cells abundantly present strikingly demarcated 
by being filled wnth fine granules, some of which w'ere fatty The 
splenic tissues w'as in great part made up of these large cells ” 

From the medical division of the l^Iontefiore Hospital 
1 Coats, Joseph On Two Cases of Diabetes Associated with Lipemia 
Glasgow' M J 32 95, 1889 
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This obseivation of Coats atti acted no attention and the condition 
leinained unknown till the aiticle of W H Schultze- in 1912 
Schultze desciibed a case of diabetic lipemia in which the splenic pulp 
was almost completely leplaced by large cells with foamy cytoplasm In 
fresh, unstained sections these cells appeared filled with shiny droplets, 
while in alcohol piepaiations they appealed vacuolated, owing to the 
piesence in the cell body of a lipoid substance This hpoid was isotropic, 
not coloied b}'- sudan or osmic acid but intensely stained by the Sinith- 
Dietiich method and by Weigeit's medullaiy sheath stain He theiefore 
consideied the substance, following Kawamura’s classification, to be 
“a lipoid in the naiiowei sense,” i e, not containing any consideiable 
amount of eithei glyceryl or cholesterol esters Schultze believed the 
large cells to be deiived from the leticular elements and not from the 
sinus endothelium, which was intact though compressed The condition 
was entnely confined to the spleen, no othei oigans containing the 
laige cells Following the article of Schultze, instances of hpoid cell 
infiltiation of the spleen m diabetes weie published by Lutz® (two 
cases), Maichand,^ Williams and Diesbach,® Eppinger® and Fahr and 
Stamm,'^ some of which piesent significant deviations fiom the findings 
of Schultze ® The condition appears to have been very rare, and 
piobably will become even laiei with the introduction of insulin, under 
the influence of which diabetic liijemia lapidly disappears In this 
papei we desire to considei the mteipretation of the lesion in the spleen 
and Its 1 elation to ceitain othei moiphologic changes likewise attributable 
to distui bailees in hpoid metabolism Oui attention was drawn to the 
condition by the following case, studied in the Montefioie Hospital 

REPORT OF CASE 

Millie G , aged 6, was admitted to the medical division suffering from 
diabetes mellitus Hei diabetes w'as of the extreme seventy seen m early 
childhood As it was before the davs of insulin, it was impossible to control 
completely hei sugar excretion, which ran as high as 177 gm per dav though 
she weighed only 38 pounds (17 2 kg) Ketonuria also was usually present, 
as much as 3 8 gm of acetone was excreted daily It was noted that “the color 


2> Schultze Ueber grosszellige Hyperplasie der Milz bei Lipoidaemie, 
Verhandl d deutsch path Gesellsch 15 47, 1912 

3 Lutz Ueber grosszellige H}'perplasie der Milzpulpa bei diabetischer 
Lipaemie, Beitr z path Anat u z allg Path 58 273, 1914 

4 Marchand Munchen med Wchnschr 62 19, 1915 

5 Williams, J R, and Dresbach, M A Fatal Case of Diabetes Mellitus 
Associated with Large Cell Hyperplasia Am J M Sc 153 65 (Jan) 1917 

6 Eppinger Die Hepato-lienalen Erkrankungen, Berlin, 1920, p 513 

7 Fahr, T , and Stamm, C Zur Frage der sogenannten Lipoidzellen- 
Inperplasie, Kim Wchnschr 3 1206 (July 1) 1924 

8 After the completion of this paper a new clear-cut case, the second m 
the American literature was reported bv Smith, Margaret G Hjperplasia 
ol Lipoid Holding Cells in Diabetes with Lipemia, Bull Johns Hopkins Hosp 
36 203, 1925 Her findings are in close accord with those of Schultze 



OPPEX HEIMER-nSHBERG—LIPE Ml 4 


669 


of the skin was that of a low grade jaundice’ The edge of the liver was 
palpable on deep inspiration, but the spleen was not felt After a sta> of se\en- 
teen months in the hospital, the child died of diabetic coma, Oct 21, 1920 
The necropsy was performed b> Dr DaMd Secof The significant findings 
were brieflj as follows 

On the palms, backs of the elbows, soles of the feet and, to a less extent, on 
the re^erse surfaces of these parts was a discrete and grouped papular erup- 
tion the individual papules \arjing in size from 1 to 3 mm The older lesions 
were a bright jellow, the color characteristic of the eruption xanthomatosis 
diabeticorum 

When the heart was opened, the existence of lipemia was noted, a greasy, 
yellowish white lajer of fat separated from the blood 

In the endocardium there were numerous slightly ele\ated, bright jellow 
patches, each one se\eral millimeters in diameter On the aortic cusp of the 
mitral \ahe was a soft, bright jellow plaque in\ol\ing the greater portion 



Fig 1 — Section of aorta stained wuth hematoxjlm and eosin, high dry 
power, showing the large lipoid cells in the intima 

of this leaflet In the intima of the arch of the aorta, and more prominently 
in Its abdominal portion, were scattered ^erJ bright yellow', soft, opaque nodules 
Microscopicalh, these nodules were seen to be made up of closely packed 
pohhedral or round cells (Fig 1) Most of these were \ery large, but there 
were small ones and \arious intermediary sizes Each of these cells had a 
single small nucleus, often eccentric or pressed to the periphery, imparting 
a signet ring appearance to the cell The cell bodj appeared transparent m 
the paraffin sections, and under the high pow'er was seen to have a “foamy” 
structure In unstained sections the cjtoplasm was seen to be filled w'lth shiny 
droplets, these stained mtenseh reddish jellow' w'lth sudan By the method 
of Smith and Dietrich, manj of the cells stained steel blue but not very 


9 After being for some months m formaldehjd the rather large tissue 
blocks were unfortunatelj put m alcohol This apparently did not interfere 
with the Iipoid reaction for the lipemic blood in all the sections stained 
intensively w’lth Sudan 
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deeply The polarization microscope showed that many of these cells contained 
an anistropic body It was seen that some, at least, of the large cells were 
derived from the endothelial cells, for by following the endothelium between 
the nodules, various stages between the normal flat cell and the large elements 
filled with lipoid were to be made out A few mononuclear wandering cells 
also were present in the intima , whether these cells were likewise concerned 
in the genesis of the large lipoid cells is difficult to say In a few areas, the 
outline of the large cells was indistinct and the nuclei could not be seen, 
their lipoid content coalescing to form larger accumulations The elastic tissue 



Fig 2 — Section of liver stained with hematoxylin and sudan, showing the 
Kupffer cells loaded with lipoid, oil immersion 


of the media was unchanged The blood in the vasa vasorum of the adventitia 
and outer media stained intensely ivith sudan and by the method of Smith and 
Dietrich 

The liver weighed 850 gm and was fatty on section Microscopically 
(Fig 2) the liver cells were seen to contain a small amount of finely divided 
fat The Kupffer cells w^ere very much enlarged In the paraffin sections 
the cell body stained but faintly, appearing pale, but not presenting the “foamy” 
appearance of the large cells in the spleen On the other hand, in frozen 
sections stained wuth sudan it was colored orange red, and blue black in the 
Smith-Dietrich preparations Some of the cells contained an anisotropic body 
The blood in the capillaries took the sudan and Smith-Dietrich stains very 
markedly, so that in the latter preparations the capillaries appeared as though 
filled with a black injection mass (Fig 3) 
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The capsule of the spleen v as thm, and it was of average consistcnc> A 
section of the spleen presented a firm, dull grayish surface The trabeculae 
V ere perhaps shghth more prominent than the average The malpighian 
bodies were not conspicuous Most striking was the great increase m gray 
pulp Xear the spleen there was a filbert sized accessory spleen, similar in 
appearance on section 

In the paraffin sections, it v as seen that the malpighian bodies were very 
small and v idelv separated The pulp was almost completely replaced 
bj large, transparent cells, round or poljhedral in shape (Fig 4) The 
nucleus v as small, stained deeply and was often eccentric A few of the cells 
had tv o nuclei, ne%er more Under the high power it was seen that the cell 
bodj had a foamj appearance, due to the presence of minute circular spaces 
bounded bv a pink staining v%all In some of the cells, these minute spaces 
had coalesced so as to form large circular vacuoles, which occasionall> 



# ' . ' \ ‘ . V J ^ U V ' ^ - J 


i f ^ 


- * ; 
^ -^<1 


- r 


f H'.. — /l, 

•- A'/.*' A'*"' ■' 


/ 


.i-. I .it ^ J _ JL. .t' ' . 


lLu 


Tig 3 — Section of liver stained b> method of Smith and Dietrich The 
Iipoid in the capillaries is stained intensely black 


occupied almost the entire cell bodj The vacuoles v ere empt> in the paraffin 
preparations, their contents having been dissolved out in the preparation of 
the section In unstained preparations the cells appeared filled with shiny, 
dark granules In the Sudan sections the blood in the vessels was stained 
orange red, and around the vessels collections of rather small cells which 
also stained with sudan v ere often to be seen The large cells that had 
replaced the pulp did not stain with sudan In the Smith-Dietrich prepara- 
tions a similar result v as obtained, the only positive staining obtained was 
that of the blood in the vessels and a small number of cells around the vessels 
The large cells did not give a lipoid reaction at all, or merely ver> faintly 
Only a fev sinuses could be made out, and these were compressed Their 
lining endothelium seemed intact The large cells were apparently derived 
from the reticulum celF, whether or not the sinus endothelium also gave 
rise to these cells could not be said from our sections There was considerable 
h>alm-fatt> change of the intima of the smaller arterioles, giving a positive 
Sudan stain 
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The lymph glands were not enlarged No hpoid cells were seen in the 
mesenteric and bronchial glands that were removed 

The cells of the cortex of the suprarenals contained rather less lipoid than 
usual, and that mostly in the glomerular layer 

The pancreas was of average size, the consistency less than usual The 
head and a portion of the body appeared digested There was an area of old 
hemorrhage m the center Several sections showed fairly well preserved 
tissue but a striking absence of islands No lipoid cells were seen 



Fig 4 — Section of spleen stained with hematoxylin and eosm The almost 
complete replacement of the splenic pulp by the large lipoid cells (foam cells) 
is shown, oil immersion 


The glomerular and intertubular capillaries of the kidneys contained large 
amounts of sudan staining fat The epithelium of the proximal convoluted 
tubules contained numerous fine droplets, mostly at the base £)f the cell, which 
stained red with sudan The epithelial cells of the loops of Henle appeared 
strikingly transparent with well demarcated borders, owing to the presence of 
large amounts of glycogen in the cytoplasm 

The other organs showed no relevant changes, aside from the large amount 
of fat in the blood contained in the vessels Large lipoid cells were not noted 
in any of the other organs The bone marrow and central nervous system, 
unfortunately, were not obtained 
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The significant features of the foiegoing case may be summarized 
briefl) as follows A child of 6 jears with severe diabetes developed 
acidosis and died m coma At the neciopsy it was seen that a niaiked 
hpemia existed Aside from the changes m the pancreas to which the 
diabetes was due, there were found the following lesions which we 
desiie to considei in then lelations to the hpemia and to one another 

1 Extensive mfiltiation of the splenic pulp by large cells containing 
hpoid 

2 Hypei trophy of the Kupfifer cells, which contain much hpoid 

3 Yellow patches m the intiina of the aorta and the endocardium, 
composed of hpoid cells 

4 Xanthomas of the skin 

5 A }ellowish discoloration of the skin, the so-called xanthosis 

THE LIPOID CELLS IN THE SPLEEN 

That the spleen is concerned m hpoid metabolism is not immediately 
obvious, for in the noimal spleen neither neutral fat nor hpoid can be 
demonstrated by histochemical reactions But seveial obseivers 
( Soper, Eppingei and King,^’- and Siegmund ^•) have noted that fol- 
lowing splenectomy m dogs and rabbits thei e is a i ise in the neutral fat, 
cholesteiol and phosiihatid content of the blood In man the results 
reported are discoidant, some authors desciibmg a similar rise in the 
blood lipoids following splenectomy, while otheis have not observed 
this It would seem that splenectomy is not suited to give us informa- 
tion as to the part played by the reticulo-endothehal cells of the pulp in 
hpoid metabolism, for these form only a poition of the entire leticulo- 
endothehal apparatus, and the othei parts appaiently quickly compensate 
for them in hpoid metabolism much as they do m the bieakmg down of 
hemoglobin 

Of much greater significance are the results obtained by hpoid feed- 
ing In his well known expeiiments, Anitschkow fed rabbits cholesterol 
dissolved in sunflower oil ovei long periods of time In these animals, 
in addition to similar changes m the aorta, bone maiiow and liver, he 

10 Soper Beziehungen der Milz zum Cholestennstoffwechsel, Beitr z 

path Anat u z allg Path 60 232, 1915 

11 King, J H Studies in the Pathology of the Spleen, Arch Int Med 
14 145 (Aug ) 1914 

12 Siegmund Milzapparat und Blutlipoide, Munchen med Wchnschr 68* 
1035, 1921 

13 Dubin, H , and Pearce, R M A Note on the Blood Fat Before and 
After Splenectomy, Arch Int Med 18 426 (Sept) 1916 

14 Anitschkow Ueber expcrimentell erzeugte Ablagerungen von aniso- 
tropen Lipoidsubstanzen in der Milz und im Knochenmark, Beitr z path Anat 
u z allg Path 57 201, 1914 
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found that the splenic pulp was almost completely replaced by laige 
“foam cells,” loaded with sudan staining, anisotropic lipoid, mainly 
cholesterol esters Comparison of Anitschkow’s drawings with our 
preparations leaves no doubt of the moiphologic similarity of the cells 
in the spleen of his rabbits with those found in human diabetic lipemia 
Anitschkow himself considered the cells in the spleen of Schultze’s case 
as identical with those which he had produced experimentally in the 
rabbit 

We have mentioned above that in Anitschkow’s experiments the 
lipoid contained m the large cells of the spleen is identical with that fed 
the animal and present in excess in the blood In this respect, the 
human condition seems to differ somewhat from the experimental It 
IS known that in diabetic hpemia the neutral fat cholesterol and phos- 
phatid fractions of the blood lipoids all increase, the greatest rise being 
in the neutial fat In accord with this universal increase in the different 
blood lipoids, in our case the blood in the lumen of the splenic vessels 
stained orange red with sudan, steel blue by the Smith-Dietnch method, 
and exhibited double refraction through crossed Nicols Similar reac- 
tions were given by some rather small fat phagocytes in the immediate 
vicinity of the vessels, but the great majority of the large cells did not 
stain with sudan, only faintly or not at all in the Smith-Dietnch prepa- 
rations, and contained no anisotropic body 

In Schultze’s case of diabetic lipemia, the large cells likewise did not 
stain with sudan or exhibit double refraction, but did stain intensively 
by the Smith-Dietrich method Identical reactions were obtained m one 
of Lutz’s cases, but in his othei case and that of Williams and Dresbach 
many (though not all) of the large cells contained sudan staining and 
anisotropic lipoid bodies It is far from clear why in our case the 
lipoid which stained so well while still in the blood no longer gave the 
same staining reactions after being stored in the large cells of the spleen 
One may advance such purely hypothetic explanations as chemical com- 
bination with proteins, changes m the physical state of solution, or 
elaboration into more complex hpoid bodies, but there seems to be no 
convincing evidence for any of them In this connection it is important 
to bear in mind that the so-called lipoid staining reactions are often poor 
indicators of which particulai hpoid substance is piesent 

THE KUPFFER CELLS 

Normally, the Kupffer cells do not contain histologically demonstrable 
hpoid Roessle has pointed out that it is very common to find the 
Kupffer cells containing hpoid in diabetes , it is not unusual to find 

15 Roessle Ueber die Leber beim Diabetes, Verhandl d deutsch path 
Gesellsch 11 334, 1907 
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anisotiopic cholesteiol esteis in these cells in the same disease Tins, 
howevei, is not univei sally tiue, we have lecently seen a patient with 
diabetes dying in coma in whom, though theie was extieme deposition 
of glycogen in the hvei cells, the Kupffei cells contained no lipoid But 
in the lipemic case i epoi ted above, the Kupffei cells wei e much enlarged , 
then cell bodies weie filled with lipoid which stained both with Sudan 
and by the method of Smith and Dietiich, and some exhibited double 
lefi action thus difteiing essentially fiom the large cells in the spleen 
The hvei cells themselves contained but little fat 

CHANGES IN THE AORTA AND ENDOCARDIUM 

It was mentioned above that the intimal patches aie composed of 
laige cells moiphologically like those in the spleen but staining deeply 
with Sudan and containing an anisotiopic body It was also seen that 
some, at least, of these cells aie deiived fiom the endothelium, whether 
othei cells also aie concerned in then oiigin could not be said 
Anitschkow^® was able to pioduce almost piecisely the same changes 
by feeding labbits cholesteiol dissohed in sunflowei oil The cells 
shown m his illustiations aie similai to those m oui sections and then 
staining leactions are the same He was unable to deteimine the precise 
del nation of these cells In human pathology the existence of these 
cells m the aoitic intima is well known in atheioscleiosis, in which they 
lepresent wandering cells that have lesoibed lipoid that has been piessed 
into the inteistices of the intima fiom the blood plasma Laige collec- 
tions of such “xanthoma” cells have been desciibed in the intima of the 
central arteiy of the letina in hemoirhagic glaucoma^" In one of 
Lutz’s cases of diabetic lipemia, the piesence of large hpoid cells in the 
aoitic Ultima is mentioned The coii elation of such “xanthomas” of the 
aoita with xanthomas of the skin was noted by Pavj- as long ago as 
1866 A numbei of cases have been lepoiled^® in which caidiac mur- 
murs weie caused by xanthomas of the valvular endocaidinm Benda 
obseived extensive xanthomatosis of the pulmonaiy veins in a case of 
nephrosis with maiked lipoidemia 

16 Anitschkow Ucber die Athcrosklcrose der Aorta beini Kaninchen und 
ueber deren Entstchungsbcdingungcn, Beitr z path Aiiat u z allg Path 
59 306, 1914 

17 Velhagen Ueber den Behind lipoidhaltigcr Zellen in der Arteria 
centralis retinae bci einem Falle von hacmorrhagischen Glaukom, Beitr z 
path Anat u z allg Path 57 38, 1914 

18 Pavy On a Case of Vitiligoidca Plana et Tiiberosa, Guy’s Hosp Rep 
12 276, 1866 

19 Low Xanthoma Tuberosum Multiplex with Lesions m the Heart and 
Tendon Sheaths, Bnt J Dcrmat 22 109, 1910 

20 Benda, Henke and Lubarsch Handbuch der spez path Anatomie und 
Histologic, Berlin 2 826, 1924 
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THE XANTHOMAS OF THE SKIN 

Xanthomas of the skin are bright yellow, flat or papular lesions com- 
posed of large cells with small nuclei and cytoplasm filled with hpoid 
so that in paraffin sections they have a characteiistic clear or foamy 
appearance It was shown by Pincus and Pick that xanthoma cells 
contain cholesterol esters and therefoie are doubly lefractive A more 
recent investigation by Fahr has levealed that there also are instances 
m which the predominant substance present is neutial fat Pollitzer 
and Wile-® have found that the formation of a xanthomatous lesion 
starts with a “proliferation of cells in the immediate neighborhood of the 
papillary and subpapillai y blood vessels,” which then take up lipoid The 
cells obseived aie evidently the type of phagocytic wandering cells found 
around blood vessels and termed by Marcband adventitial cells 

There are two main varieties of cutaneous xanthoma 

1 The isolated xanthoma of the eyelid which is so common m old 
people The pathogenesis of the lesion is obscure In particular, there 
IS no manifest lipemia Howevei, it is of inteiest to note in this con- 
nection that there seems to be a tendency for localized deposition of 
cholesteiol to occur in old age Thus, besides the xanthomas of the 
eyelid, atheroma of the large vessels and aicus senilis are exceedingly 
common findings in healthy old people, the anatomic basis of which 
consists in the deposition of cholesterol The arcus senilis has been 
repioduced experimentally in the rabbit by cholesterol feeding, it has 
also been noted in youthful subjects with hypeicholesterinemia The 
reason why the xanthomas occur on the eyelid is unknown , Lubarsch 
believes that lymph stasis is an important factor in determining the 
location of xanthomatous lesions and this may play a part in detei mining 
the eyelids as the site of predilection 

2 Xanthoma multiplex These lesions are readily recognized by 
their bright yellow and their predilection for the extensor surfaces of 
the elbows and knees They are almost always secondary to a lipoidemia 
The most common conditions in which lipoidemia occurs are diabetes, 
obstructive jaundice and, much more rarely, nephrosis, and these are the 

21 Pincus and Pick Zur Struktur und Genese der symptomatischen 
Xanthoma, Deutsch med Wchnschr 34 1426, 1908 

22 Fahr Zur Frage des Xanthoms, Centralbl f allg Path u path Anat 
30 609, 1920 

23 Pollitzer and Wile Xanthoma Tuberosum Multiplex, J Cutan Dis 
30 235, 1912 

24 Verse Ueber einige Organveraenderungen bei der experimentellen 
Lipo-cholestermaemie, Verhandl d deutsch path Gesellsch f Chir 19 163, 
1923 

25 Benda, discussion of Verse (Footnote 24, page 167) 

26 Lubarsch Generalisierte Xanthomatose bei Diabetes, Deutsch med 
V'chnschr 44 484, 1918 
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diseases in which multiple xanthomas aie found Cases of maiked 
lipoidemia of unknown oiigin (“idiopathic”) with multiple xanthomas 
have been desciibed ”” A few instances of multiple xanthomas without 
hypercholestei inemia have been lepoited,"® it seems quite possible that 
in these cases the neutial fat oi phosphatid content of the blood may 
have been inci eased, and these may have been the substances present in 
the xanthomas We have lecently been able to follow the disappeai ance 
of extensive xanthomatosis m a young diabetic with hpemia as the blood 
lipoids diminished undei insulin tieatment, proving beyond cavil the 
dependence of the xanthomas on the excess of lipoid m the blood 

Tlin YELLOWNESS OF THE SKIN 

Von Nooiden was the fiist to point out that many diabetic patients 
have a yellowish discoloiation of the skin of the palms, soles and aiound 
the mouth which he teimcd xanthosis diabelicoium The yellowish dis- 
coloiation may become universal and is laiely veiy intense It has been 
shown by Hess and Myeis,-° Burgei and Remhait^'* and Salomon 
that this discoloiation is due to caiotm and xanthophyll, two fat soluble 
pigments (Iipochiomes) which aie piesent in gieen vegetables, butter, 
etc It has been found fuithei that the yellowish pigmentation of the 
skin IS secondaiy to a similar coloiation of the blood plasma that Salomon 
teims xanlhemia Hess and Myeis have shown that this pigmentation 
can be pioduced in healthy childicn by feeding them laige amounts of 
caiiots and othci vegetables containing Iipochiomes, Salomon has done 
this also in adults A similar pigmentation may occui m infants fed 
with cod livei oil Yellowish discoloiation of the palms m acute febrile 
conditions has been teimed by the Fiench “la signe palmaiie ” 

An increase in the blood hpochiome, the necessaiy condition for 
xanthosis, may oi may not accompany an inciease in the blood lipoids 
(neutial fat, cholesterol, phosphatids), the necessary condition foi xan- 
thoma mult’plcx In the little girl lepoited above theie were both 

27 Burns, F S A Contribution to the Study of the Etiology of Xanthoma 
Multiplex, Arch Dcrmat & Syph 2 415 (Oct) 1920, also, Fordyce in dis- 
cussion, p 428 Arning and Lippmann Esscnticllc Cholesteiinacmie mit 
Xanthombildung, Ztschr f klin Med 89 107, 1920 An instance of this rare 
“idiopathic” lipoidemia with very extensive xanthomatosis was recently demon- 
strated at the Mount Sinai Hospital by Dr A A Epstein 

28 Roscnbloom, Jacob The Cholesterol and Cholesterol-Ester Content of 
the Blood in Xanthoma Tuberosum Multiplex, Aich Int Med 12 395 (Oct ) 
1913 

29 Hess, A F, and Myers, V C Carotinemia A New Clinical Picture, 
J A M A 73 1743 (Dec 6) 1919 

30 Burger, M , and Reinhart, A Ueber die Genese der Xanthosis 
Diabetica, Dcutsch med Wchnschi 45 430 (April 17) 1919 

31 Salomon Ueber Xanthose dcr Haut, Wien klin Wchnschr 32 495, 
1919 
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xanthoma and xanthosis, but in anothei case of marked diabetic lipemia 
recently observed the great hpemia was not accompanied by an increase 
in hpochrome and the skin was unusually white throughout Evidently 
the diet did not contain an excess of vegetable containing hpochrome 

From the foiegoing considerations, it is seen that each of the first 
four findings is secondary to a great increase in blood lipoids The last 
mentioned finding, the xanthosis, differs from the others, however, in two 
essential respects First, it is due to the accumulation in the blood of 
specific fat-soluble pigments, hpochromes, and second, instead of being 
stored within a definite system of cells, as we shall immediately see the 
lipoids in general are, hpochrome seems to enter almost any variety of 
cell in which it can dissolve in the cell lipoids 

Consideration of the cells involved in the other foui lesions — the 
reticulum cells of the spleen, the Kupffer cells of the liver, the endo- 
thelium and possibly wandering cells in the vasculai intima, and the 
adventitial cells of the small cutaneous vessels — reveals that they all 
belong to the widely distributed system of cells termed by Aschoff and 
Landau the reticulo-endothehal metabolic apparatus The close func- 
tional interrelationship of these ubiquitous cells is shown by the fact 
that after injection into the blood stream of certain dyes (pyrrol blue, 
trypan red, etc ) , they are stored m the reticulo-endothehal system In 
cholesterol feeding experiments, the cholesteiol is stored in the cells of 
this system Similarly, Eppmger has found that in normal animals 
injected iron is stored m the reticulo-endothehal cells There is much 
evidence that the formation of bilirubin from hemoglobin occurs within 
these same cells Included in the reticulo-endothehal system are three 
main classes of cells, genetically closely interrelated 

1 The reticulum cells of the hematopoietic (spleen, bone marrow 
and lymph glands) and certain other organs, notably the suprarenals 

2 Endothelial cells (including the Kupffer cells of the liver 
capillaries) 

3 The great group of phagocytic cells m the connnective tissues, 
among which are Ranvier’s clasmatocytes of the aieolar tissue and 
Marchand’s adventitial cells around the blood vessels 

Cells of this system may enter the blood stream, wheie they are 
present as monocytic elements (endothelial leukocytes of Mallory) 

In our case we have seen that the leticulum cells of the spleen, the 
Kupffer cells of the liver, the endothelial cells of the aorta and the 
adventitial cells of the cutaneous vessels have been filled with lipoid 
Similar lipoid storage has been described in cases of lipemia in practi- 
cally all parts of the reticulo-endothehal system Thus, Marchand 


32 Eppmger Die Hepato-Lienalen Erkrankungen, Berlin, 1920, p 67 
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found involvement of the reticulum cells of the bone marrow, Williams 
and Dresbach and Fahi and Stamm of those of the lymph glands, and 
there have been desciibed m cases of lipemia due to different causes 
“xanthomas” (i e, lipoid storage) m the most varied portions of the 
body (pachymeninges, bile ducts, tendon sheaths, periosteum and 
various viscera), always apparently originating m the i eticulo-endothelial 
cells In a case of diabetic hpemia, Kawamura demonstrated the 
piesence of cholesterol esteis m the monocytic cells of the blood, which 
we have mentioned above as paitially derived from the reticulo- 
endothelial system 

From the foregoing case and the facts gathered fiom the literature, 
it IS seen that when a great excess of lipoid accumulates m the blood, 
which occuis most usually m diabetes and chronic obstructive jaundice. 
It IS stored within the reticulo-endothehal system This may result 
111 varied anatomic pictures (which have hitherto not been sufficiently 
coi related with one another), for the portion of the system m which 
the lipoid IS deposited m an individual case varies greatly without 
our knowing the reason why Thus, the reticulum cells of the spleen 
may be the only portion involved , the lymph glands may also participate, 
or there may be only xanthomas of the skin, etc The same holds true 
of other varieties of reticulo-endothehal stoiage, for instance, of dyes 
or of iron That different staining leactions are given by the stored 
fat and lipoid m vaiious portions of the reticulo-endothehal system was 
pointed out above 

The histologic appeal ance of the spleen m cases of hpoid cell hyper- 
plasia IS very much like that observed in Gaucher’s splenomegaly, m 
which the splenic pulp is also replaced by large, clear cells, so that it is 
not surprising that Schuitze, m desciibmg the condition, voiced the 
opinion that Gaucher’s disease is also a distuibance of lipoid metabolism 
This view has been supported by Wahl and Richaidson®* on the basis 
of material studied m conjunction with Knox and Schmeissei, but 
Mandlebaum and Downey have shown clearly that their cases were 
not Gaucher’s disease However, it has been pointed out by Mandle- 
baum and by Pick that the substance contained m the large cells 

33 Kawamura Die Cholestermverfettung, Jena, 1911, p 88 

34 Wahl, H R, and Richardson, ML A Study of the Lipin Content 
of a Case of Gaucher’s Disease in an Infant, Arch Int Med 17 238 (Feb ) 
1916 

35 Mandlebaum, F S , and Downey, H The Cases of Gaucher’s Disease 
Reported by Drs Knox, Wahl and Schmeisser, Bull Johns Hopkins Hosp 
27 109 (April) 1916 

36 Mandlebaum, F S Two Cases of Gaucher’s Disease in Adults, Am 
J M Sc 157 366 (March) 1919 

37 Pick, Ludwig Zur pathologischen Anatomic des Morbus Gaucher, Med 
Klin 18 1408, 1922, Ueber den Morbus Gaucher, seine Klin, pathologische 
Anatomic und histo-pathologische Umgrenzung, ibid 20 1403 (Oct 12) 1924 
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of Gaucher’s disease (the so-called Gaucher substance) never gives 
hpoid reactions, and that the cells differ somewhat both morphologically 
and in distribution from those found in cases of hpemia Mandlebaum 
states that the demonstration of histochemical hpoid reactions in the 
large cells in any case immediately rules out the diagnosis of Gaucher’s 
disease In his lecent masterly study of Gaucher’s splenomegaly, Pick 
points out that in this disease the endothelial elements of the reticulo- 
endothelial system are not involved, though we have seen that they are 
in cases of hpemia Considering these well established facts, it would 
seem that the two conditions have nothing more in common than a super- 
ficial morphologic similarity of the large, clear cells making up the 
lesions Pick himself considers Gaucher’s disease as a ''congenital, 
familial, constitutionally caused anomaly of metabolism akin to alkap- 
tonuria or cystinuria ” 

But in recent investigations Epstein and Lieb have shown that 
the “Gauchei substance” stored in the large cells characteristic of the 
disease contains a considerable proportion of kerasin, one of the 
cerebrosids , these are complex lipoids and are usually found in associa- 
tion with other hpoid bodies They also found that the Gaucher cells 
contain large amounts of alcohol-soluble, but ether-insoluble phosphatids 
So it would seem that, despite the negative histochemical findings, 
GauclieHs disease is an anomaly of hpoid metabolism in xvhich complex 
hpoids fail of complete dismtegi ation and elimination and aie stoied in 
the histiocytic elements of the i eticido-endothehal system 

Just as there are various metabolic anomalies in which the inter- 
mediary metabolism of protein stops at a certain point (e g, alkap- 
tonuria, in which the organism is unable to break down homogentisic 
acid), so there are apparently different disturbances of hpoid metabolism 
These may be secondary and acquired, as in diabetes, or primal y and 
constitutional, as in Gaucher’s disease Another primary disturbance 
of hpoid metabolism has recently been described by Pick under the 
name of “hpoid cell splenohepatomegaly,” by which he understands a 
“congenital, familial, constitutionally caused anomaly of hpoid, especially 
phosphatid, metabolism ” In all four reported cases, this has led to 
death within the first two years of life, the striking anatomic finding 
being the presence of large hpoid cells in various organs In these cases 
as well as in diabetic hpemia and Gaucher’s disease, the large cells 
constituting the lesions are merely evidence of storage of different 
lipoids present as a result of a metabolic derangement 

38 Epstein, E Beitrag zur Chemie der Gaucherschen Krankheit, Biochem 
Ztschr 145 398, 1924 

39 Lieb, Hans Cerebrosidspeicherung bei Splenomegalie, Typus Gaucber, 
Ztschr f ph}Siol Chem 140 305, 1924 
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SUMMARY 

1 In expel imental lipoid feeding, the lipoids aie stored in the 
I eticiilo-endothehal cells This lipoid storage manifests itself by the 
occiiiience in vaiioiis organs of lesions that aie made up of laige, clear 
cells (“foam cells’ ) filled with hpoid 

2 Lesions identical in stuictiiie and distiibiition with those of experi- 
mental lipemia aie found in diseases m which the lipoid content of the 
blood IS mci eased, such as diabetes, obstiuctive jaundice and nephrosis 

3 These lesions aie also made up of laige foam cells containing 
lipoid The foam cells are deiived from the i eticulo-endothelial cells, 
and collections of them may occui m vaiious paits of the body (so-called 
visceral xanthomas) In the past the vaiious lesions thus pioduced 
have not been sufficiently con elated with one anothei In the skin they 
appear in the foim of multiple xanthomas 

4 A case of diabetic lipemia is desci ibed m which the lipoid storage 
IS manifested b}- 

(a) Almost complete leplacement of the splenic pulp by large foam 
cells 

(b) Marked deposition of hpoid in the enlaiged Kupffei cells 

(c) Yellow patches in the intima of the aoita and the endocardium 
composed of foam cells 

(cf) Xanthomas of the skin 

5 The yellowish discoloiation of the palms and soles (xanthosis) 
seen m diabetes is not due to lipemia pei se but is secondaiy to an 
inciease in the lipochiome (caiotm and xanthophyll) content of the 
blood Inciease m blood hpochrome and hpemia may oi may not be 
associated 

6 In both manifest lipemia and Gauchei’s disease the lesions are 
composed of cells of the i eticulo-endothehal apparatus in which lipoids 
are stored But in Gauchei’s disease the disturbance of hpoid metabolism 
IS primary and apparently constitutional, it is moiphologically mani- 
fested by the stoiage in the histiocytes of cerebrosids and other com- 
plex lipoids which do not give the hpoid staining reactions In the 
lipemic cases, the derangement of hpoid metabolism is secondaiy 
(diabetes, icterus, etc ) and the lipoids found m the i eticulo-endothehal 
cells are those which circulate in excess m the blood (neutial fat, 
cholesterol and its esters, and phosphatids) 
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It has been shown by Newburgh and his collaborators ^ (1919, 1923) 
that high piotein diets produce renal injury in rabbits, and by Polvogt, 
McCollum and Simmonds “ (1923) that similai aiets have a haimful 
effect on the kidneys of lats In explanation of this fact, a number 
of possibilities present themselves for considei ation, among which are 
(1) poisonous pioducts aiising from the action of bacteria on the 
food in the intestine, (2) the absoiption of foreign protein forced into 
the blood by the excess in the intestine, (3) the excretion of an acid 
urine fiom diets high m certain proteins, (4) extra work required of 
the kidney by the increased mtiogen metabolism, and (5) lack of 
vitamins No evidence in favor of any of these explanations was 
obtained 

In a previous article, it was suggested that the amino-acids them- 
selves might be the source of the renal injury That both the absorp- 
tion and the excretion of ammo-acids by the kidney is increased by the 
ingestion of large amounts of protein has been clearly demonstrated by 
Levene and Van Slyke® (1912) and by Fohn and Berglund^ (1922) 
This article deals with the effects on the kidney of the administration 
of some of the ammo-acids 

METHODS 

In this study, the amino-acids entered the body by the intiavenous 
route In a few of the earlier experiments with rabbits the amino-acids 
were given in relatively small amounts of fluid The development of 
ceitain general symptoms without evidence of renal injuiy in some of 
these animals suggested to us that they were caused by the hyper- 
tonicity of the injected solution We accordingly increased the dilution 
so that in every case, when it is not otherwise stated, 20 c c of the solu- 
tion contained 1 gm or less of the ammo-acid Physiologic sodium 

From the Department of Internal Medicine, University of Michigan 
Medical School 

1 Newburgh, L H Production of Bright's Disease by Feeding High 
Protein Diets, Arch Int Med 24 359 (Oct) 1919 Newburgh, L H, and 
Clarkson, S Renal Injury Produced m Rabbits by Diets Containing Meat, 
Arch Int Med 32 850 (Dec ) 1923 

2 Polvogt, L M , McCollum, E V, and Simmonds, N Bull Johns Hop- 
kins Hosp 34 168 (May) 1923 

3 Levene, P A, and Van Slyke, D D J Biol Chem 12 301, 1912 

4 Fohn, O , and Berglund, H J Biol Chem 51 413 (April) 1922 
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chloiid solution was used as the vehicle, and piecautions were taken 
that none of the solutions were acid or moie than slightly alkaline, 
except in the case of Rabbit 1 and in ceitain experiments with glutamic 
acid, which aie discussed in then propei place 

The labbits used weie selected healthy animals that had not been 
pieviously employed foi an}'’ othei laboiatoiy purpose The solution 
was injected into the eai vein at body temperature without an anes- 
thetic Because of the pievalence of chionic kidney disease m adult 
dogs, only puppies lecentl} weaned weie used A very few were 
obtained fiom animal dealeis, but most of them weie undernourished 
01 the subjects of infection and weie therefoie unsuitable for our 
purpose Nearly all the dogs used m these expeiiments were secured 
as follows - Pregnant bitches oi mothers with recently born litters were 
obtained from neighboring faimeis Each family was housed m an 
mdiMdual kennel out of doois A few days after the puppies were 
weaned they weie used one at a time, the othei s lemaining with the 
mothei Dm mg the expeiimental peiiod, each dog was kept in a clean 
metabolism cage oi a pen leserved for that puipose Strict isolation 
from other dogs that constituted a possible souice of infection was 
maintained These precautions weie so successful that the young ani- 
mals appeared almost without exception to be entiiely healthy Veiy 
satisfactoiy anesthesia was obtained by the subcutaneous injection of 
moiphin sulphate in doses of fiom one-quaitei to thiee-quaiter gram 
(001 to 004 gm ), depending on the size of the dog The vein to be 
used in the case of dogs was prepaied by cutting down on it with the 
usual surgical precautions All dogs maiked with the same capital 
letter following the number were littei mates 

In the case of both dogs and rabbits, those showing urinary abnor- 
malities before receiving an ammo-acid weie peimanently rejected and 
only those whose mine was noimal on two successive examinations 
were used 

The solution was injected slowly with a syringe or allowed to flow 
in fiom a buret thiough a needle, depending on the volume When the 
amount of fluid was laige, the inflow period was as long as two hours, 
and when the volume was more than a few cubic centimeters, it was 
maintained at approximately body temperature P '01 this purpose the 
buret was enclosed m a constant temperature jacket 

Following the injection of an amino-acid, the urines weie examined 
daily 01 oftener for the presence of albumin, casts and led blood cells 
We found, as have other woikers, that it is not unusual for clear 
rabbits’ urine to become cloudy as the result of boiling and acidulating, 
and further that the cold acidified specimens would sometimes slowly 
develop a similar cloud We therefore 'concluded that when dealing 
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with labbits’ uime the ordinal y tests for albumin give unreliable evi- 
dence of renal disease While we did not expei lence this difficulty with 
dogs’ urine, we nevertheless did not consider any urine, eithei labbits' 
or dogs’, obtained after the injection of an amino-acid as abnormal 
which did not show in the centi if ugated specimen at least several 
undoubted casts when examined in the usual way 

We had hoped that careful weighing of the kidneys would give us 
quantitative information regarding their condition We found, however, 
that there was a laige variation in the weight of the kidneys of normal 
animals per kilogram of body weight We therefore discarded that 
method of judging the state of the kidneys Likewise, we found it 
unsatisfactory to diaw conclusions from the gioss appearance of the 
kidneys, since the color variations were gieat in untreated animals In 
a few of the "treated” dogs, the signs of congestion or of cloudy swell- 
ing and edema were so striking that theie could be no doubt of their 
presence Likewise, in the case of several dogs the signs of hemorrhage 
were so marked that abnormality was certain 

Some of the animals were killed at varying intervals after the 
administration of the amino-acids and their kidneys immediately placed 
in fixing solution The histologic evidence of abnormality was entirely 
satisfactory ® Most of the kidneys so studied were from dogs and the 
kidneys of untreated littei mates were used as controls 

Some animals whose urine became abnormal after injection weie 
allowed to recover This gave some information regarding the duration 
of the injury Furthermore, lecovery fiom abnoi mahties that occuried 
immediately after the injection gave evidence that they weie actually 
due to the injection 

The nonprotein nitrogen of the blood was determined m some of 
the rabbits Abnormally high readings yielded fuithei evidence of 
renal damage following the injection of some of the amino-acids 

EXPERIMENTAL DATA 

The experiments with each amino-acid are bi ought together in one 
table Every animal that received an injection is included Because 
of intercurrent disease, conclusions could not be drawn from a few of 
the animals, and these experiments are grouped in a special section of the 
appropriate table 

Alaiun — When alanin is dissolved in salt solution, a reaction 
neutral to phenol led results It is so easily soluble that two of the 
rabbits received large doses of the alanin in lelatively concentiated form 

5 The tissues were all fixed in a 4 per cent solution of formaldehyd Thin 
sections were cut from paraffin blocks and were then stained with hematoxylin 
and cosin 
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instead of at the late of 1 gm to 20 c c of diluent, which we later 
adopted as our standard in older to obviate ceitain geneial disturbances 
that we attributed to the hypei tonicity of the injected solution In 
spite of this, none of the animals showed either renal or general distur- 
bances following the intiavenous injection of 2 gm pel kilogram 

Lciiciu — In Older to get leucm into solution, we found it neces- 
sary to keep It hot on the watei bath for some minutes in a volume 
of at least 25 c c of the salt solution for each gram of the substance 
and to add 1 15 c c standard sodium hydroxid per gram of leucm The 
resulting solution was very slightly alkaline in phenol red None of the 
three animals that received the leucm gave any evidence of injury, 
even though Rabbit 30 was given 2 7 gm per kilogram 

The negatne result with the dog is of importance as a control for 
some of the later experiments with ammo-acids that produced renal 
damage, since the outcome of this experiment demonstrates that the 
intravenous injection of a large volume of fluid does not injure the 
kidneys This dog received 250 c c of fluid at the rate of 82 c c per 
kilogram 

Glycm — This is easily soluble m salt solution and the reaction 
is neutral As was the case with alanm, we gave some of the rabbits 
in this series solutions that were too concentiated We attributed the 
sudden death of Rabbit 4 to this cause, and suimised that the pro- 
longed disturbance exhibited by Rabbits 3 and 5 might have a similar 
origin At least, none of the animals that were injected with solutions 
of standard dilution showed any general or renal distuibances The 
reasons for not accepting three of the experiments of the series are too 
evident to require special comment 

We obtained no evidence that glycm, even m doses as large as 3 4 
gm pel kilogram, injured the kidney 

Phcnylalaiwin — The solution of phenylalanm was neutralized with 
4 cc of standaid sodium hydroxid per gram of ammo-acid The 
slightly abnoimal urine obtained from Rabbit 29 following the injection 
of 1 6 gm per kilogram was probably not caused by the phenylalanm, 
since a much laiger dose given to Rabbit 41 did not cause the urine to 
become abnoimal The failure to injure the kidneys of Dog 11 with 3 7 
gm per kilogram left us with no convincing evidence that renal damage 
IS produced by intravenous injection of phenylalanm 

6 The solution of sodium hydroxid used in this and many subsequent 
experiments was old It had originally been normal, but was only approximately 
so when wc employed it We accordingly designate this solution as “standard” 
rather than “normal ” In later experiments, when we speak of “normal sodium 
hydroxid,” we refer to a freshly prepared accurately titrated solution 
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Glutamic Acid — A number of the experiments in this senes 
could not be accepted because the animals either died at the end of the 
injection or were ill following it All of these animals received unneu- 
tralized solutions of glutamic acid Furthermoie, the solutions were too 
concentrated The injection of dilute solutions made neutral to phenol 
led with standard sodium hydroxid caused no detectable renal injury 
We accordingly concluded that the abnormal mine voided by Rabbit 9 
was attributable to the acidity of the solution The data obtained from 
Dog 57 K are valuable as control mateiial The large amount of com- 
bined alkali, 48 c c of standard sodium hydroxid, or more than 14 c c 
per kilogram, used to neutialize the glutamic acid did not damage the 
kidneys, even though the dog developed manifest tetany toward the end 
of the experiment 

Ai gmm — The alkaline solution formed by dissolving argmin m 
salt solution was neutralized against phenol red with standaid hydro- 
chloric acid solution at the rate of 3 5 cc per giam of the ammo-acid 
The five acceptable rabbit experiments taken together give satisfactory 
evidence of the injurious effect of arginin on the kidney But the 
injury is mild as compared with the effect df some of the amino-acids 
to be dealt with later, and argmin is apparently incapable of damaging 
the dog’s kidney even when large doses are injected 

Aspai he Acid — The acid solution was neutralized against phenol red 
with 8 cc of standard sodium hydroxid pei gram of the ammo-acid 
The rabbit injections show that well marked renal injury is produced 
m them by a single injection of 1 gm per kilogram As the result of 
an injection of that size. Rabbit 56 voided mine containing casts for 
eight days subsequent to it The evidence obtained from dogs is insuf- 
ficient to prove that aspartic acid injures their kidneys m the dosage 
employed 

Here again we obtained evidence that the presence of a very laige 
amount of alkali added to the injection fluid to neutralize the acidity of 
an ammo-acid does not injure the kidneys In six days Dog 25 D 
received 55 2 c c of standard sodium hydroxid twice, followed two 
days later by 83 2 c c of standard sodium hydroxid, a total of 193 6 c c , 
or 56 c c per kilogram, added to a solution of aspartic acid to make it 
neutral to phenol red This animal exhibited no urinary abnormalities 

Lysm ' — ^The lysm was injected in the foim of the dichloiid, but 
the dosage is calculated as the lysm itself We would have liked to 
perform more experiments with it, but were unable to obtain any 
more of it 

7 We are indebted to Professor H B Lewis for the lysm dichlorid used 
in these experiments 
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When lysm dichlond is dissolved in salt solution, an acid reaction 
IS produced We used 1 9 c c of standard sodium hydroxid pei gram 
of the ammo-acid to make the reaction of the solution neutial to 
phenol led 

The five successive experiments demonstrate by means of urinalysis, 
as well as by the micioscopic examination of the kidney, that lysm is 
definitely nephiotoxic We weie unable, with the limited supply of 
lysm, to determine how small a dose will injure the kidney 

Histidin — This was used m the form of the dichlond, but the 
dosage was calculated as histidm itself When the dichlond was dissolved 
m salt solution, the resulting acidity required 8 c c of our standard 
solution pei giam of the ammo-acid to obtain neutiality with phenol red 
or bromciesol purple The fiist expeiiment with histidin was pei- 
formed on Rabbit 1 This is the only experiment m which the injection 
fluid was not neutralized But the striking evidence of kidney injury 
111 this expeiiment is not attributable to the acidity of the solution (the 
equivalent of 8 c c of standaid alkali) since much larger amounts of 
acid in the foini of glutamic acid weie injected without evidence of 
renal injury Rabbit 15 leceived the equivalent of 36 c c , Rabbit 14, 
the equivalent of 22 c c , Rabbit 12, the equivalent of l4 5 c c standard 
acid as glutamic acid without the occunence of abnormal urines 

The most interesting data m this senes were obtained from the 
comparative study of Rabbit 4, which leceived the injections of histidin, 
and Rabbit 5, which was the control The accompanying proctocol 
shows that the lepeated intiavenous injection of as little as 100 mg per 
kilogiam of histidin caused serious lenal injury 

PROTOCOL 

Experimhnt 1 — Rabbits 4 and 5, partly grown rabbits, were placed in adjoin- 
ing metabolism cages in the laboratory, April 25, 1921 Rabbit 4, which weighed 
1,400 gm received repeated injections of histidin dichlond Rabbit 5, which 
weighed 1,700 gm , served as a control Except for the injections, both rabbits 
lived under the same conditions The urine of both rabbits was regularly 
examined on the same days After three normal specimens had been obtained 
from each. Rabbit 4 began receiving the histidin, April 27 From that date until 
June 6, a total of forty days, he was given ten injections The histidin dichlond 
was dissolved in 5 c c of physiologic sodium chlorid solution and neutralized with 
sodium hydroxid against bromciesol purple as an indicator The single 
dose calculated as histidin was 98 mg per kilogram The day after the first 
injection, the urine of Rabbit 4 was still normal A few casts were seen after 
the second injection Albuminuria did not become constant until after the 
fourth injection, from which time it slowly increased until the tests gave a 
heavy flocculent precipitate Casts were always present after their first appear- 
ance and gradually increased in numbers until by May 20 they were recorded 
as very numerous From June 6, when the last injection was given, until June 
15 four specimens from Rabbit 4 continued to show much albumin and many 
casts Throughout this whole period, thirty-one examinations of the urine of 
Rabbit 5 had invariably been negative June 15, both rabbits were killed by 
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a blow on the head Rabbit 4 weighed 1,490 gm and his kidneys weighed 11 8 
gm , or 7 9 gm per kilogram Rabbit 5 weighed 1,685 gm and his kidneys 
weighed 10 gm , or 5 9 gm per kilogram The kidneys of the treated animal, 
therefore, weighed 2 gm per kilogram more than those of the control 

The histologic examination of a section of the kidney from Rabbit 4 showed 
multiple, delicate adhesions between the tufts and Bowman's capsule m the 
majority of the glomeruli, but there was no exudate in Bowman’s space 
nor was the capsule thickened In the medulla casts were seen in many 
places The microscopic examination of the kidney of Rabbit 5 revealed no 
abnormalities 

On the other hand, repeated injections of 60 mg pei kilogram 
(Rabbits 6 and 7) were not productive of abnormal urine 

Examination of the data obtained from the dogs shows that the 
kidneys of this carnivorous animal were slightly injured by repeated 
injections of 330 mg per kilogram (Dog 55 H) , that two injections of 
500 mg per kilogram caused greater injury (Dog 4 A), and that single 
injections of less than 1 5 gm per kilogram (Dogs 49 I and 61 K) caused 
abundant evidence of renal injury 

Tyi osin — In order to get ty rosin into solution in the desired volume 
we used 10 cc of standard sodium hydroxid for each gram of the 
ammo-acid Such solutions weie alkaline to phenol red The question 
is therefore pertinent whether the alkalinity is of such a degree that it 
would in Itself be capable of injuiing the kidney, regardless of any 
effect of the tyrosm The alkalinity of a sample of the solution was 
measured with the potentiometer by L A Philipp of the department of 
physical chemistry, who found the pn to be 10 61 Expi essed in terms 
of normal alkali, the tyrosm solution has an alkalinity equal to two 
thousand five hundredth normal sodium hydroxid This very slight 
alkalinity would, on a prion grounds, not be expected to harm the 
kidney However, we have obtained experimental evidence that large 
amounts of sodium hydroxid of which the alkalinity has not been 
reduced in any way, such as is the case in the tyrosm solutions, gives 
no demonstrable evidence of renal injury 

In a later section dealing with cystm, it will be noted that Dog 28 E 
received 33 6 cc of normal sodium hydroxid in the foim of the free 
alkali This 8 4 c c per kilogram of normal alkali produced no evidence 
of injury This injection caused the dog to leceive 1 34 gm of uncom- 
bined sodium hydroxid A like amount of tyrosm solution contains 
only 0 00054 gm of uncombined sodium hydroxid 

The following experiment also demonstrates that large amounts of 
alkali may be injected into the vein of a dog without injuring the 
kidneys 

Experiment 2— Dog 3 A, weighing 7,200 gm , Feb 20, 1923, at 1 30 p m 
was given morphin sulphate, one-quarter grain (0 01 gm ), and at 2 p m, 34 cc 
of standard sodium hydroxid plus 08 gm of sodium chlorid made up to 100 cc 
with distilled w'ater was slowly injected into a vein 
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Februaiy 21, the afternoon urine was slightly acid, there was no albumin, 
and casts were absent February 23, 34 c c of standard sodium hydroxid 
prepared as on the picviovis occasion was m 3 ected into a vein February 25, 
the afternoon urine showed no albumin and no casts The fiist injection site 
presented a large area of necrosis February 26, the urine showed no albumin 
and no casts 

Examination of Table 10 shows that definite evidence of lenal 
injuiy IS obtained following seveial injections of about 0 2 gm per 
kilogiam of tyiosin into rabbits 

Laigei single injections weie followed by the prolonged piesence of 
albumin and casts m the uiine The high values foi blood nonprotem 
nitiogen obtained fiom Rabbits 20, 17 and 27 afford impoitant evidence 
of lenal injuiy The leading of 66 mg obtained fiom Rabbit 27 nine 
days aftei the injection of 1 8 gm of tyiosin per kilogiam is especially 
significant 

The dog expel nnents do not peimit any conclusions regarding the 
smallest dose of tyrosm that will cause renal injury m them Foui of 
the seven dogs leceived 2 gm pei kilogiam of tyiosin, and in eveiy 
instance that dose was pioductive of bloody mine This fact is of 
special mteiest since tyiosin is the only one of the twelve ammo-acids 
thus fai studied which has caused red blood cells to appear in the 
mine 

The micioscopic examination of the kidneys fiom the five dogs that 
weie examined at neciopsy, disclosed anothei feature of gieat interest 
In thiee (Dogs 15, 23 C and 5 B) of these five dogs, the glomeiuli 
contained impoitant evidence of injuiy in the form of piolifeiation of 
the epithelial cells of Bowman’s capsule No othei ammo-acid gave us 
unequivocal evidence of glomerulai damage In the case of Dog 13, it 
was impossible to decide whether capsulai pioliferation due to tyiosin 
had occuiied because so many glomeruli had been scaired by chionic 
kidney disease The absence of signs of glomeiulai injury in Dog 22 C 
may be due to the shoit inteival (twenty houis) between the injection 
and neciopsy, oi because this dog leceived only one injection, whereas 
the thiee dogs that showed the glomerulai lesions had each received 
repeated injections ovei a numbei of days Dog 15, whose protocol 
appears below, is mstiuctive in this respect, since he was dead within 
twenty houis aftei the dose of 2 gm pei kilogiam, as was Dog 22 C 
twenty houis aftei its injection of 2 gm pei kilogram But Dog 15 
had leceived foui small doses of tyiosin piecedmg the 2 gm dose and 
showed the glomeiulai lesions, whereas Dog 22 C leceived only the one 
large injection and lacked the capsular piolifeiation 

Experimcnt 3 — Nov 8, 9 and 12, 1923, the unne of Dog 15, a puppy that 
weighed 5,600 gm, contained no casts or albumin Novembei 12, morphin 
sulphate, three-quarters grain (0 04 gm ) was injected subcutaneously One 
hour later, the animal was tied to a board and a vein in the hind leg was 
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exposed with the usual surgical precautions Tyrosin, 2 8 gm , was dissolved 
in 31 c c of standard sodium hydroxid on the water bath The solution was 
then brought up to 80 c c by addition of 0 8 per cent salt solution This solu- 
tion was then allowed to flow slowly into the vein from a container enclosed in 
a jacket through which water at about 38 degrees C circulated The injection 
ended at 11 15 a m At 4 00 p m the dog voided urine containing neither 
albumin nor casts 

November 13, the urine contained no albumin or casts 



Fig 1 — Cellular exudate in Bowman’s space produced by intravenous 
injection of tyrosin into a dog 

November 14, at 10 a m, 2 8 gm of tj'rosin prepared as before was slowly 
injected into a vein one-half hour after the subcutaneous injection of morphin 
sulphate, three-fourths gram (0 04 gm ) At 2 30 p m the urine contained no 
albumin but a very few casts 

November 15 and 16, the urine was negative 

November 17, at 10 a m , 2 8 gm of tyrosin was injected as before 

November 18 and 19, the urine was negative 

November 19, at 10 a m, 2 8 gm of tyrosin was injected as on previous 
occasions 
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November 20, the urine was normal 

November 22, at 11 05 a m, 112 gm of tyrosm was dissolved in 120 c c of 
standard sodium hjdroxid on a water bath and brought up to a volume of 225 
c c with physiologic sodium chlorid solution This solution was allowed to 
flow into a vein in the course of seventy minutes The injection ended at 11 15 
a m Toward tlie end of the injection, irregular twitching of the muscles of 
the face occurred At 9 p m the dog was quiet, and there was no twitching 
November 23, at 8 30 a m , the dog was found dead in rigor mortis The 
urine collected during the night was pink (laked hemoglobin) There was a 
heavy albuminuiia and the sediment contained many red blood cells but 
no casts 

Neci opsy — The lungs showed hypostatic congestion The organs other than 
the kidneys presented no gross abnormalities The kidney weighed 43 5 gm 
They were purple On section the surface was bathed in a serosanguinous fluid 
The urine obtained from the bladder Avas pink and contained much albumin, 
many red blood cells, some crystals of tyrosm, but no casts 

Microscopic examination of a section of the kidney fixed in formaldehyd 
and stained with hematoxylin and eosm showed that the epithelium of the 
tubules 111 the cortex was stained irregularly The epithelial lining of the 
convoluted tubules, in particular, was swollen and granular, and the cell margins 
were no longer distinguishable Occasional short sections of tubules were seen 
in which the nuclei had disappeared and the cytoplasm had been changed into 
a mass of pink staining droplets occupying the lumen Many of the nuclei 
of the tubular epithelium were very small, structureless and intensely stained 
Nuclear fragmentations were common A few nuclei were swollen and pale 
Casts and desquamated epitheliums were plentiful Bowman’s space in about 
half the glomeruli contained larger and smaller crescentic shaped and irregular 
collections of large plump epithelial cells whose nuclei were in varying states 
of preservation Some were quite pycuotic, others large and vascular The 
cytoplasm was granular and deeply stained It closely resembled m appearance 
the cytoplasm of the cloudy, swollen epithelial cells lining the convoluted 
tubules Lying around and between these cells was a homogeneous coagulum 

Tryptophan — One gram of tiyptophan will dissolve in 20 cc of 
physiologic sodium chloiid solution as the result of prolonged heating, 
but subsequent cooling to body temperature is quickly followed by 
precipitation Attempts to inject solutions of the foregoing concentia- 
tion fail because the needle soon becomes plugged with crystals When 
40 c c of salt solution is allowed for each gram of the ammo-acid, 
little or no trouble from pi ecipitation is encountered A dilution 
varying from 30 to 45 c c of salt solution for each gram of the ammo- 
acid was used in the experiments summarized in Table 11 The result- 
ing solution was neutial to phenol led 

Examination of Table 11 leads to the impiession that the kidneys 
of dogs are more easily damaged by tiyptophan than those of the 
rabbit, but moie experiments aie needed definitely to answer this sug- 
gestion 

The five dog experiments were very satisfactory since they displayed 
a steady increase in the extent of the injury proportional to the increas- 
ing size of the dose The injection of 0 5 gm per kilogiam caused no 
general or local disturbance , but the animals that i eceived 2 0 gm per 
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kilogram suffered from a seiious general intoxication, and a massive 
destruction of the renal tubules occuried m as shoit a time as thiity 
hours (Dog 32) 

The piotocol of Dog 43 G and Figure 2 give the details of an 
experiment in which a dog received a single injection of 2 gm pei 
kilogram 

Experiment 4 — The urine of Dog 43 G, a puppy, contained no albumin and 
no casts, April 27 and 28, 1924 The dog weighed 5,600 gm 

April 28, at 2 p m, morphin sulphate, three-fourths grain (004 gm), was 
injected subcutaneously About one hour later, we began the injection of a 
solution of tryptophan made by dissolving 5 7 gm of tryptophan in 230 c c of 
physiologic sodium chlorid solution on a water bath at a temperature of from 
38 to 40 degrees C The injection took fortj-five minutes and ended at 
3 45 p m 



Fig 2 — ^Widespread necrosis of the renal tubules produced by intravenous 
injection of tryptophan into a dog 


The morning of April 29 the dog looked sick, he lay on the bottom of the 
cage and refused food No urine had been voided during the night 

April 30, the dog was still sick, and had not moved about The morning 
urine was contaminated At noon he was killed by a blow on the head 

Neciopsy — The kidneys weighed 30 gm The capsule stripped easily leaving 
a smooth surface, gray in color, except for the presence of several ecchymotic 
patches The section surface was gray, moist and lacking in markings, except 
those made by the arteries of the cortex Several of the ecchymotic patches 
extended deep into the cortex The latter appeared to be wider than normal 
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The other organs presented no gross abnormalities The urine contained in 
the bladder Avas free of albumin, but the sediment contained an enormous 
number of granular and cellular casts, and desquamated tubular epithelium 
Microscopic examination of the kidney showed that the majority of the 
cortical tubules had been severely injured The nuclei of the lining cells of 
such tubules had either entirely disappeared, or had, in a few cells, been 
changed into smooth, structureless, deeply stained points The cells in most 
of the cortical tubules had lost their margins, had become detached from the 
basement membrane, and lay free m the lumina as homogeneous, compact, 
smooth, deeply stained bodies (casts), or as paler, coalescing, granular droplets 
crowded together in the lumen Some of the tubules, entirely denuded of 
epithelial lining, were empty The glomeruli showed no injury As one 
passed into the medulla, the cellular injury became less marked The tubules 
of the medulla appeared to be normal, but contained many casts and desqua- 
mated epitheliums The picture was that of widespread necrosis of the 
convoluted tubules 

Cystm — This went into solution when 8 2 c c of normal sodium 
hydroxid was used for each gram The resulting solution was slightly 
alkaline to phenol red Evidence has already been presented in the sec- 
tion devoted to tyrosin which shows that the alkalinity of the solution 
could not be held responsible for the interesting renal injury produced 
by cystm Further evidence of the truth of this statement is obtained 
by an examination of the data from Dog 28 E 

Experiment 5 — Dog 28 E, weighing 4,000 gm , received an intravenous injec- 
tion of 33 6 c c of normal sodium hydroxid diluted to a volume of 100 c c with 
salt solution, February 14 The urine collected from the time of the injection 
to 9 a m , February IS, contained no albumin and no casts A second specimen 
of urine obtained the afternoon of February 15 and the urine voided the morning 
of February 16 failed to show either albumin or casts 

February 18, at 3 30 p m , the dog received an intravenous injection of 
4 gm of cystm dissolved with 33 c c of normal sodium hydroxid and diluted 
to a volume of 100 c c v/ith physiologic sodium chlorid solution 

February 19, at S p m , the dog passed urine that contained an abundance 
of cellular casts and desquamated renal tubule cells Albumin tests were 
negative Urine collected during the morning of February 20 contained many 
cellular and granular casts and large granular cells but no albumin 

February 22, similar urine was obtained February 25, the urine was again 
normal 

Examination of Table 12 shows that a single injection of 0 5 gm 
per kilogram of cystm will produce evidence of renal injury 

The effect of somewhat larger doses is described in detail m the 
protocol of Dog 31 E Figure 3 shows the character of the lesion in 
the renal tubules 

Experiment 6 — ^Dog 31 E, a puppy weighing 4,400 gm , was used The 
urines of March 1 and 3, 1924, contained neither albumin nor casts 

March 3, at 3 30 p m , the dog was given a subcutaneous injection of 
morphin sulphate, one-half grain (0 03 gm ) At 4 30 p m 3 5 gm of cystm 
dissolved in 29 c c of normal sodium hydroxid and brought up to a volume of 
/5 c c with phj siologic sodium chlorid solution was allowed to flow slowly into 
a \ein previously exposed with aseptic precautions 
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March 4, a flocculent precipitate formed in the boiled urine It did not 
disappear on the addition of dilute acid The cold urine to which dilute acetic 
acid was added also yielded a heavy precipitate It was thought that this 
latter precipitate was cystin Acetic acid was accordingly added to a portion 
of the urine until the filtrate remained clear on the addition of acid This 
filtrate gave strongly positive tests for albumin The sediment contained many 
desquamated epithelial cells, cellular and granular casts 

March 5, the urine gave less marked tests for albumin The sediment was 
similar to that of the previous day 

March 7, 8 and 10, numerous cellular, granular and hyaline casts were seen 
in each specimen of urine 

March 12 and 13, the urine was albumin free, and no casts were seen 
March 14, the dog weighed 6,500 gm Cystin, 6 5 gm , prepared as on March 
3, was allowed to flow slowly into a vein about one hour after the dog had 
received morphin sulphate, three-fourths gram, subcutaneously 

March 15 and 16, in addition to albuminuria many epithelial cells, large 
cellular, granular and hyaline casts were present m both specimens 

March 16, at 3 30 p m , the dog was killed by a blow on the head At 
necropsy the kidneys weighed 78 gm When the capsule was stripped off a pale 
yellow ground over which were strewn red points singly and m groups and 
irregular red patches was disclosed Toward the hilum of one kidney a broad 
patch of cyanotic discoloration was seen The section surface presented the 
same variegated appearance No markings but the straight arteries were seen 
in the cortev The other organs appeared normal 

Microscopic examination of the cortex of the kidney revealed many small 
areas that stood out sharply because of the lavender-blue presented by the 
irregular groups of structureless, smooth droplets occupying the space of a 
tubule Higher magnification showed that such areas consisted of a section of 
tubule in which the epithelial cells had disappeared as such and had been 
changed into dead protoplasm impregnated with calcium salts In some of 
these tubules a transition could be seen from fairly normal cells at one end 
through cells whose nuclei were greatly swollen, lacking in chromatin, and 
sometimes were represented by only a blue ring and whose cytoplasm was 
stained pale blue to masses that had lost all resemblance to cells and had 
entirely replaced the tubular structure m the places where they occurred 
Such areas of calcification were being surrounded by fibroblastic cells often 
several layers deep Many tubules showed the earlier stages of this process 
but their epithelial cells had not yet lost their nuclei Other tubules were 
stained a deep pink and consisted of cells with pale nuclei and granular, 
swollen cytoplasm Desquamated cells and casts were numerous In a few 
lumina small clumps of red blood cells were seen The glomeruli were engorged 
and appeared to contain more nuclei than normal The medulla presented 
no definite abnormalities 

It IS an interesting question whether the renal injury caused by the 
intravenous injection of cystin and some of the other amino-acids would 
also occur if they entered the bod}^ through the liver, where they 
might be changed into nontoxic substances, or whence they might be 
slowly distributed in dilutions so great as to be innocuous A single 
experiment gave us a clear answer to this question regarding cystin 
The data obtained from Dog 39 F, Table 13, showed that the injection 
of 1 gm of cystin per kilogram into a tributaiy of the poital vein was 
followed by the urinary signs of renal injuiy 
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Dog 40 F received the same treatment as its litter mate, Dog 39 F, 
except that the solution injected into the fonner contained no cystin 
The continued absence of casts and other abnormalities from the urine 
of Dog 40 F after the injection proves that neither the anesthetic noi 
the technic of the operation can be held responsible foi the signs of 
kidney injury which followed the injection of cystin into a portal tribu- 
tary of Dog 39 F 

CONTROLS 

The exj^enmental piocedure used in these studies was so simjile 
that the chance of error inherent in the employment of elaborate appa- 



Fig 3 — Necrosis and deposition of calcium salts in some of the dead cells 
following the intravenous injection of cystin into a dog 


latus and complicated technic was almost negligible The safety of the 
intravenous route has been so thoroughly established by its very exten- 
sive use both clinically and experimentally that disturbances following 
this method of administration are confidently attributed to the injected 
substance and not to the technic Nevertheless, it is desirable to control 
this procedure as used by us The danger of error, if any, lies in the 
bulk of the solution and its reaction, in struggling on the part of the 
animal, m the anesthetic used to avoid it, and finally in infection of the 
injection site 
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That none of these things was the cause of the renal damage in the 
case of the amino-acids that we have concluded are nephrotoxic is 
proved by the uniformly negative lesults obtained with alanm, leucm, 
glycin, phenylalanm and glutamic acid For example, the dog that was 
given leucm so diluted that he received 82 c c of fluid per kilogram 
manifested no subsequent lenal distuibance Likewise, large amounts 
of alkali weie required foi the neutialization of glutamic acid and the 
lattei was given to Dog 57 K with 48 c c of combined standard sodium 
hydioxid, oi nioie than 14 c c pei kilogram, without renal damage 
(glutamic acid section) Even moie impressive is the experience with 
Dog 25 D (Table 7), who leceived a total of 193 6 cc of standaid 
sodium hydioxid in six days, used to neutralize aspaitic acid, and who 
continued to void noimal uiine In the case of these ammo-acids, the 
alkali was used to neutralize the acidity of the dissolved ammo-acid, 
but tyrosni and cystin requiie the solution to be slightly alkaline to 
maintain solubility, hence the negative lesults obtained with the laige 
amount of alkali injected as a pait of a neutial solution do not com- 
pletely contiol possible lenal injury from the alkaline quality of solutions 
of tyrosm and cystm It has been pointed out that in the case of tyrosin 
the alkalinity amounted to only two thousand five hundiedth normal 
(Table 9) The cystm solution was of the same ordei of alkalinity 
Fill thei more, the administration of 34 cc of fiee standaid sodium 
hydioxid twice to one dog (tyrosm section) and 33 6 c c of fiee 
sodium hydioxid to another dog (cystm section) was not followed by 
any evidence of renal damage Since these large amounts of fiee 
alkali had no haimful effect on the kidneys, it is evident that the 
nephrotoxicity of the solutions of tyrosin and cystin is solely attiib- 
utable to the dissolved ammo-acid 

Violent struggling is known to produce albumin and casts m the 
uime The rabbits offered no lesistance to the injections Stiuggling 
was satisfactoiily pi evented m the dogs by the use of morphm It is 
clear that this drug does not damage the kidneys because of the negative 
lesults following its use in the case of the five amino-acids already men- 
tioned, and m the contiol experiments with alkali 

Infection at the site of administration nevei occurred m rabbits 
because there was incision In the dogs the wounds nearly always 
healed normally In a few instances the wounds did not heal by fiist 
intention, but the largest sloughs occurred m the animals that leceived 
the free alkali 

It might be thought that the excietion of the large amount of uiea 
foimed from the injected aramo-acids caused the signs of renal injuiy 
noted by us That this is not an adequate explanation is shown by the 
fact that some amino-acids did not injure the kidneys It will be 
recalled that the innocuous amino-acids aie, in general, those of smaller 
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molecular weight, and that the}- theiefore actually yielded more uiea 
gram foi gram than the nephiotoxic amino-acids The injections of 
urea given in Table 14 afford cleai evidence that it is not damaging to 
the kidneys 

COMMENT 

The intravenous administration of alanin, leucm, glycin, phenylalamn 
and glutamic acid gave us no evidence of leiial injury in doses as large 
as 2 gm pel kilogiam Argimn and aspartic acid aie mildly nephro- 
toxic, while seiious kidney damage was produced by lysin, histidin, 
tyrosin, tryptophan and cystin We have been unable to obtain serin 
01 prolin 

The most important outcome of these studies is the demonstiation 
that normal digestion pioducts of protein aie a source of renal injury 
under the conditions of these expeiiments 




Table 14- 

-U) ea 

Animnl 

Weight, 

Gm 

Dose per Kilograin,* 
Gm 

Urine 

Rabbit 25 

2,f)00 

2 (5) dissohed in 

30 c c of salt 
solution 

Uiine noimal before injection, 24 hours 
ifter injection catheter specimen con 
tamed no albumin, 60 hours aftei 
injection, catheter specimen contained 
no albumin 

Rabbit 27 

2,200 

2 3 (5) dissolved in 

20 c c of pb>siologic 
sodium cliloud 
solution 

'Ino specimens before injection, negative, 
4 hours after injection, urine nor 
mal, 24 hours after injection, urine 
contained no albumin and no casts 

Rabbit 28 

1,850 

2 8 (5) dissolved m 

20 cc of physiologic 
sodium chlorid 
solution 

'iv\o specimens before injection, negative 
24 hours after injection, urine con 
tamed neither albumin nor easts 
48 hours after injection, urine con 
tamed neither albumin noi casts 
60 hours after injection urine con 
tamed neither albumin nor casts 


♦ Figure in mrentliesis is total single dose 

It Will be recalled that this investigation was undertaken in an 
attempt to explain the renal damage from high piotein diets, since such 
diets increase the absorption into the blood stream of amino-acids The 
concentration of nephrotoxic ammo-acids following a high protein meal 
probably does not reach that caused by oui injections The same thing 
IS true of the amino-acids and their metabolites in the urine But it is 
also in general true that lepeated doses of a jDoison, each too small to 
cause demonstrable injuiy, will eventually result in seiious damage 
May there not be a similai relationship between the chronic nephropathy 
from high piotein diets and the acute injury following the injection of 
amino-acids^ We have noted in the case of some amino-acids that 
single doses that weie too small to give evidence of injury would cause 
the appearance of abnormal urine, if repeated only a few times Fur- 
thermore, we do not know how small a dose of injected amino-acid will 
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cause mjur} The crudity of the methods for detecting such injuiy 
precludes the possibility of demonstrating it in lesser degrees This 
difficulty became very evident to us when we found that it requnes 
about twice as much ammo-acid to give unequivocal histologic evidence 
of renal damage as is needed to produce cylindruna The smallest 
doses with which we obtained abnormalities are given m Table 15 
The ammo-acids normally enter the body from the digestive tract, 
hence it may properly be questioned whether information obtained b} 
intravenous injection has any bearing on effects attributed to excesses 
arriving through normal channels A certain amount of information 
tending to answer this question is available Our injection of cystin into 
the portal vein of Dog 39 F shows that the injury is not prevented by 
passage of the ammo-acid through the liver In certain investigations of 
the metabolism of cystm, H B Lewis® (1925) has noted that the 
ingestion of cystin by rabbits is followed by serious kidney damage 


Table 15 — Smallest Dose of Amino-Acxd that Piodnced Renal Injmy 



Rabbits, 

Dogs, 

Ammo Acid 

Gm per Kg 

Gm per Kg 

Arginm 

10 


Aspartic acid 

03 

2 0 (’) 

Lysin 

015 

00 

Histidin 

010 

0 33 

Tyrosln 

023 

10 

Trjptoph in 

00 

0 85 

Oystm 


05 


Finally, experiments still incomplete being conducted by A C Curtis 
have shown that the addition of cystm to standard diets causes renal 
mjur)^ m rats 

It IS also of interest to note the difference m the reactions of the 
kidneys of rabbits and of dogs to some of the ammo-acids These 
differences are to be seen m Table 15 

Sufficient information is not at hand to assign a place to these new 
data in the problem of the etiology of chronic nephritis m man The 
difficulty is m part due to the difference m reactions of different species 
to the ammo-acids, and m part to the difference m the histologic 
picture produced by the amino-acids and that found in the human 
cases Nevertheless, the fact remains that certain ammo-acids are 
capable of producing serious injury of the kidney Unless future 
investigators show that this fact is ii relevant, it must be included m an} 
attempt to formulate a comprehensive picture of the etiology of human 
nephritis 


8 Lewis, H B J Biol Chem 63 20, 1925 
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In this connection it is of inteiest to mention that Fohn and Berg- 
lund ° (1924) have found another normal product of protein metabolism 
that causes serious lenal disease In the course of their studies of 
uric acid metabolism they found that the intravenous injection of uric 
acid was attended by evidence of renal injury 

SUMMARY 

It has been demonstiated that the amino-acids, aigmin, aspaitic 
acid, lysin, histidin, tyiosm, tiyptophan and cystiii aie nephrotoxic 

9 Folin, 0 , Berglund, H, and Derick, C J Biol Chem 60 301 (June) 

1924 



THE AURICULAR WAVE (P) OF THE ELECTRO- 
CARDIOGRAM 

CLINICAL OBSERVATIONS WITH ESPECIAL REFERENCE TO PULMONIC 

AND MITRAL STENOSES 
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LITERATURE 

Studies concerning the diagnostic significance of changes in the 
auricular or P wave of the electrocardiogram have not been numerous 
Increase in height and prolongation of the wave, occurring most often 
in mitral stenosis, have been noted by Emthoven,^ Kraus and Nicolai ^ 
and Samojloff,® Goddard^ assumed a more or less definite quantitative 
relationship to exist between such augmentation of the P wave and 
auricular hypertrophy He considered as increased all P waves when 
they were greater than T in the same cuive, that is ■£ = 1 -f- Checking 
this relationship, he found that there was some relative increase in 
height (of the P wave) m 54 per cent of the cas^s of mitral disease 
studied However, in five cases that came to necropsy, one with very 
slight hypertrophy of the auricle showed marked exaggeration of the 
P wave while another with decided hypertrophy showed only a slight 
relative alteration of the P On the other hand a check of all the exag- 
gerated P waves against the histones of the patients showed that 45 
per cent had mitral disease and that a small percentage had clinically 
normal hearts Goddard then concludes that the association of P wave 
exaggeration with auricular hypertrophy, though suggestive, is not a 
constant one 

Experiments seeking to determine the nature and source of the P 
wave by Samojloff Kraus and Nicolai,® Lewis, Meakins and White 

1 Einthoven, W Le Telecardiogramme, Arch internat de physiol 4 148, 
1906-1907 

2 Kraus, F, and Nicolai, G F Berl klin Wchnschr 44 812, 1907 

3 Samojloff, A Munchen med Wchnschr 56 1943, 1909 

4 Goddard, C H Arch Int Med 16 633 (Oct ) 1915 

5 Samojloff, A Festschrift Herman, 1908, p 171 

6 Kraus, F , and Nicolai, G F Das Elektrokardiogramm des Gesunden 
und Kranken Menschen, Leipzig, 1910 

7 Lewis, T , Meakins, J, and White, P D Phil Tr Roy Soc London, 
205 375, 1914 
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and Eystei and Meek ® have shown that it is a composite lepiesentation 
of the excitation wave as it spieads from the region of the sinus, the 
sino-auriculai node, over the auricle Recently, the inteiesting and 
fundamentally important work of Emthoven “ has shown that the elec- 
trical and mechanical expiessions of muscular activity are synchionous 
and paiallel in degiee This applies to heart muscle as well as to skeletal 
muscle The myocaidiogiam if accuiately obtained coriesponds 
exactly with the electrocardiogram m time of onset, duration and force 
Thus the auriculai oi P wave of the electiocardiogram does not lepre- 
sent simply the brief early expiession of the excitatory process m the 
auricle but in fact the entire auricular conti action Instead of measur- 
ing in time only one third of the duration of auricular action it really 
coincides with it The T wave of the auiicle — the so-called Ta wave 
of the electrocardiogiam — had been pointed out years ago by seveial 
observers but it has now been con elated to auiicular systole by Ein- 
thoven ° Spiague and White have recently shown the frequent clinical 
occurrence of this Ta wave of the electiocardiogram Thus, the larger 
and more active the auricles, the laigei and longei should be the auricu- 
lar deflections of the electiocaidiogram 

Attention has also been called to the influence of the position of the 
heart m the body, as determined by respiration or other factors, and 
of the pei iodic shift of the pacemaker within the node, as shown by 
Lewis, Meakins and White® 

Finally, the influence of the extiinsic cardiac neives on the P wave 
has been studied Emthoven demonstrated that simple section of the 
vagus in dogs produced a marked rise in the P wave In such an experi- 
ment of course changes in the auricle could play no role Rothberger 
and Winterberg repeated and confirmed this, and furthei showed that 
section of the cardiac acceleiators (increased vagus effect) was followed 
by a pronounced deci ease in P Selenin,^® however, saw no such effect 
on the dog’s heart in situ, following full therapeutic dosage of digitalis 

PRESENT INVESTIGATION 

The reason for the present study was the desire to determine the 
significance of high P waves with reference to the diagnosis of pul- 
monic stenosis and mitral stenosis 


8 Eyster, J A E , and Meek, W J Arch Int Med 11 204 (Feb ) 1913. 

9 Emthoven, W Goddard Lectures, Harvard Medical School, 1924 

10 Sprague, H B , and White, P D J Clin Invest 1 389 (April) 1925 

11 Emthoven, W Arch f d ges Physiol 122 537, 1908 

12 Pothberger, T, and Winterberg, H Arch f d ges Physiol 135 506, 

13 Selenm, W P Arch f d ges Physiol 143 137, 1912 
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The study has included three distinct parts as follows First, the 
analysis of (a) the amplitude of the P wave, (&) the values of angle 
and index of electrical axis deviation, and (c) the clinical diagnosis m 
132 unselected cases seen at the Massachusetts General Hospital from 
1914 to 1924 in whom electrocardiograms showed an amplitude of P in 
Lead I greater than 0 1 millivolt (1 mm ), or of P in Lead 11 equal to 
01 greater than 0 3 millivolt (3 mm) Second, a similar analysis of 
all cases definitely diagnosed pulmonic stenosis and coming to electro- 



Fig 1 — Leads I, II and III, normal, for comparison with Figures 2 and 3, 
time, 02 second, potential, volts per millimeter 


cardiographic study at the Massachusetts General Hospital from 1914 
to 1924 Third, the same study of 100 unselected cases of “pure” 
mitral stenosis electrocardiographed at the Massachusetts General 
Hospital 

The height of the P wave has been studied rather than its length 
01 duration for several reasons First, it is more evident and more 
easily measured , second, the occurrence of the T wave of the auricle, 
the so-called Ta wave, sometimes appearing as a direct prolongation 
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of the P wave, makes it difficult to determine the limits of the P, and 
third, the height of the P wave may be abnormally increased with 
little if any mciease in duiatioii while the reverse is laiely tiue Almost 
invariably if the P is longer than noimal it is also highei than normal 
in either Lead I, Lead II, or both Foi example, out of the fifty-eight 
cases of initial stenosis with noimal ihythm (listed m Table 7) only 
nine failed to show high P waves in either Lead I or Lead II and none 
of these nine showed any abnoimal length of the P waves, incidentally, 
the P wave in Lead III was low in all of these nine cases 

Raiely if evei is the P ware in Lead III as large as m the other 
leads, usually it is of veiy low potential, either upright, inverted or 
isQ-electnc Thus P^ has not been included in the present analysis 
because of its unimportance 

With the abnoimal mciease in height of the P waves in Lead I and 
Lead II there is often abnoimal notching in addition to inci eased length 
A duiation of the P wave (not including the Ta wave) beyond 01 
second in any lead and a height above 1 mm (01 millivolt) in Lead I, 
or a height equal to oi above 3 mm (0 3 millivolt) m Lead II, we have 
considered abnoimal 

The foimula used for determining the index was that outlined by 
White and Bock^'* and the angles weie ariived at by the use of the 
tiiangle of Emthoven, following the method described by Caiter, Rich- 
ter and Gieene^^ By the index method figures of — 12 or more 
negative indicate abnoimal light axis deviation, and of -{-20 or more 
positive abnoimal left axis deviation, — 12 to -{-20 are within noimal 
limits By the angle method figuies beyond +90 degiees represent 
abnormal right axis deviation and on the negative (uppei) side of 
0 degrees abnormal left axis deviation, 0 to +90 degrees (the right 
lowei quadrant) aie within normal limits 

PART I 

Tables 1, 2, 3, 4, 5 and 6 include the cases examined in the first 
part of the study The clinical diagnosis has determined the inclusion 
of the various cases undei one or anothei of these tables, wherein pul- 
monic stenosis, mitral stenosis pure, and mitral stenosis with other 
valve defects are each given separately, while other diagnoses encoun- 
tered are embodied in Table 6 

Examination of Tables 2, 3, 4 and 5 shows that the amplitude of 
P 2 was equal to or greater than 3 mm in 68 per cent of all of the 
seventy-two cases of mitral stenosis encountered, and an interesting 

c> 

14 White, P D , and Bock, A V Am J M Sc 156 17 (July) 1918 

15 Carter, E P , Richter, C P , and Greene, C H Bull Johns Hopkins 
Hosp 30 162 (June) 1919 



Iable 1 — Pulmonic Stenosis'^ 



Index, 

Angle, 

Pi, 

Ps, 

Plate No 

Mm 

Degrees 

Mm 

Mm 

6413 

—20 

160 

26 

4 

7465 

—SO 

90 

1 

5 

0838 

— S4 

125 

2 

4 

1994 

—12 

165 

is 

38 

7919 

—42- 

169 

4 

4 

745 

—43 

143 

1 6 

12 

(3940 

—18 

112 

2 

26 

)6448 

—56 

134 

2 

3 

5805 

—28 

150 

2 

45 

974 

—25 

140 

2 

26 

4057 

—23 

142 

25 

3 

6573 

—32 

182 

1 

3 

7465 

—30 

90 

1 

5 

7438 

—24 

118 

2 

35 

5879 

—30 

143 

17 

4 

7050 

—18 

149 

2 

25 

6590 

—28 

118 

2 

3 

8870 

—16 

116 

15 

4 

6448 

—36 

134 

3 

4 

8098 

—29 

118 

05 

6 


* Values throughout these tables are positive unless otherniso noted 
Summary Total eases, nineteen (twenty plates) Si\teon cases had an amplitude of Ps 
equal to or greater than 3 mm The other three cases had an amplitude of Pi greater than 
1 mm Eighteen had an index below —15 One had an index of —12 All had angles of 
90 degrees or more 


Table 2 — Mxital Sfenosts (Pure) 


Plate No 


Index, 

Mm 

Angle, 

Degrees 

Pj, 

Mm 

p=. 

Mm 

905 


—15 

120 

3 

3 

1917 


—11 

69 

2 

2 

2209 


—17 

102 

2 

2 

2275 


—16 

130 

18 

2 

1605 


■—8 5 

81 

1 5 

27 

3095 


—13 

95 

1 

4 

2352 


—19 5 

120 


22 

2362 


2 

56 

15 

36 

6053 


—1 

59 

2 

3 

6685 


—20 

90 

1 

3 

6676 


—1 

62 

2 

85 

6801 


-7 

75 

1 5 

35 

6774 


—41 

164 

1 

3 

6865 


—6 

90 

0 f) 

18 

6879 


—23 

102 

12 

25 

6959 


—10 

72 

1 5 

3 

6948 


55 

25 

2 

4 

8518 


—12 

98 

0 

5 

7151 


—5 

69 

1 

4 

6525 


—10 

90 

3 

3 

6471 


—16 

117 

0 

4 

7106 


—6 

76 

i 

5 

6S9S 


—20 

112 

li5 

5 

1324 


—13 

121 

10 

25 

' 2683 


—10 

78 

1 5 

32 

6556 


—20 

122 

o 

25 

5562 


—32 

192 

2 

26 

8518 


■ —12 

98 

S 

5 

6435 


—9 

68 

2 5 

4 

7057 


—11 

99 

25 

5 

6308 



67 

2 

3 

6325 


—23 

98 

2 

25 

6535 


—13 

99 

2 

8 

6831 


15 

—18 

1 5 

35 

6935 


—9 

lOS 

2 

26 

7104 


—13 

92 

2 

25 

5023 


0 

60 

1 6 

3 

6233 


—1 

62 

2 

3 

4476 


2 

43 

2 

3 

4501 


—0 

73 

2 

2 

7191 


—31 

IIS 

3 

25 

1355 


—21 

122 

2 6 

4 

1396 


—19 

105 

o 

25 


■* Among the cases with electrocardiograms showing high P wnics these had been diagnosed 
as pure mitral stenosis 

Summary Total cases, forty three Thirty eight had an amplitude of Pi greater th^an 
1 mm (SS per cent), thirty-eight had an amplitude of Ps greater than 2 mm (83 per cent), 
and twenty seven had an amplitude of Ps equal to or greater than 3 mm (63 per cent ) 
Indexes varied from -t-15 to — 11 (four had positive values) Pourteen had indexes of — °r 
peiow (S3 per cent) twenty five had indexes of —10 or below (58 per cent), and twenty five 
had angles of -1-90 degrees or more (5S per cent) > 
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Table 3 — Mitial Stenosis and Regm gitahon 


Plate No 

Index, 

Mm 

Angle, 

Degrees 

Pi, 

Mm 

P 2 , 

Mm 

2173 

—25 

102 

3 

6 

647 

—25 

127 

2 

5 

948 

—12 

140 

2 

4 

21 

—22 5 

96 

25 

G 

332 

—28 5 

114 

1 

3 

987 

—18 

112 

1 5 

21 

1383 

—25 

107 

1 

3 

1742 

—14 5 

88 

1 5 

2 

2475 

—32 

109 

3 

2 5 

3197 

—6 

85 

1 5 

13 

4355 

—21 

132 

2 

25 

4103 

—3 

68 

2 

3 

50 

—25 

90 

1 5 

35 

66S9 

—11 

71 

4 

7 


Summary Total cases, fourteen Twelve had an amplitude of Pi greater than 1 mm 
(85 per cent), twelve had an amphtude of P 2 greater than 2 mm (85 per cent), and nine 
had an amplitude of Po equal to or greater than 3 mm (61 per cent ) Nine had indexes 
below — 15, twelve had indexes of — 10 or below (85 per cent ), and ten had angles equal to 
or greater than +90 degrees (71 per cent ) 


Table 4 — Mtiial Stenosis and Aoitic Regui gitatwn 



Index, 

Angle, 

Pi, 

Pe, 

Plate No 

Mm 

Degrees 

ATm 

Mm 

270 

—15 

90 

18 

26 

4170 

—12 

73 

35 

55 

7182 

10 

—47 

1 

3 

7786 

5 

53 

1 5 

3 

8017 

—10 

90 

15 

36 

2189 

—11 5 

76 

1 3 

33 

4171 

2 

58 

4 

3 

2419 

19 

—4 

1 2 

15 

3626 

—9 

72 

1 

3 

6647 

42 

-32 

2 

4 


Summary Total cases, ten Eight had an amphtude of Pi over 1 mm (80 per cent ) , 
nine had an amplitude of P 2 over 2 mm , and eight had an amphtude of P 2 of 3 mm or over 
(80 per cent) Two had an angle of only 90 degrees or ovci Pour cases only had indexes 
of —10 or below (40 per cent ), and one case only had an index of —15 


Table 5 — Mitial Stenosis and Regm gitatwn and AoiUc Steiwsis 

and Regm gitatwn 


Plate No 

Index, 

Mm 

Angle, 

Degiees 

Pi, 

Mm 

Pe, 

Mm 

7682 

—8 

75 

1 5 

4 

7721 

—17 

100 

2 

45 

3974 

0 

62 

3 

5 

3988 

05 

60 

3 

3 

6800 

—26 

110 

1 5 

35 


Summar> Total cases, five All had amplitude of Pi greater than 1 mm , all had 
amplitude of Pe of 3 mm or over All had angles of Co degrees or o\er, two had angles of 
90 degrees or over (40 per cent ), and two had indexes of —10 or below 

Summary of tables 3, 4 and 5 Total eases, twenty nine Twenty-flve had amplitude of 
Pi greater than 1 mm (8G per cent) , twentj-six had amplitude of Po equal to or over 2 mm , 
and twenty two had amplitude of P 2 equal to 01 over 3 mm (76 per cent ) Eighteen had 
indexes of —10 or below Twenty four had angles of CO degrees 01 more, and fourteen had 
angles of 90 degrees or more (48 per cent > 
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Table 6 — Miscellaneous Conditions ' 


Plate 

Index, 

Angle, 

Pi, 

Pr. 


No 

Mm 

Degrees 

Mm 

Mm 

Clinical Diagnoses 

4166 

10 

48 

3 

2 

Arteriosclerosis, cerebral embolism, sino auricular 
tachycardia 

0148 

—17 

170 

2 

4 

ElTort syndrome, sino auricular tachycardia 


—10 

72 

1 

3 

Arteriosclerosis, sino auricular tachycardia 

928 

—15 

123 

1 5 

2 

Cardiac neurosis, sino auricular tachycardia 

809 

05 

61 

10 

5 

Sino auricular tachjeardia 

1313 

—13 

78 

05 

3 

Pcncarditis (’) , mitral stenosis (?) , sino auricular 
tachycardia 

1256 

1 

57 

15 

5 

Goiter, totcmia of pregnancy , sino auricular 
tachycardia 

90S 

3 

50 

21 

5 

Nepbntis, hypertension, arteriosclerosis 

3295 

—05 

65 

1 5 

2 

Neplintis, 1 ypertcnsion, arteriosclerosis, sino auric 
ular tachycardia 

435S 

5 

83 

2 5 

2 5 

Nephritis, hypertension, sino auricular tachycardia 

6410 

19 

23 

2 

4 

Hypertension, congcstiy'e heart failure 

6476 

31 

4 

2 5 

4 

Hypertension, congestive heart failure, sino auricu 
lar tachycardia 

6601 

15 

59 

1 

0 

Exophthalmic goiter, sino auricular tachycirdii 

6716 

0 

54 

1 5 

4 

Coronary sclerosis, sino auricular tachycardia 

6771 

—27 

110 

1 

4 5 

Sino auricular tachycardia 

7001 

14 

5 

2 

15 

Ncphntis, hypertension, coronary sclerosis 

7031 

22 

7 

2 

4 

Hypertension, cardiac hypertrophy, arteriosclerosis 

7042 

45 

35 

15 

3 

Hypertension, artenosclerosis, sino auricular tachy 

7162 

—1 

63 

1 

4 5 

Essential hypertension 

8281 

19 

30 

21 

4 

Hypertension, arteriosclerosis, hemiplegia 

7166 

10 

30 

1 

5 

No disease 

6573 

—36 

128 

2 

4 

Mitral stenosis (?), smo-auricular tachycardia 

6588 

—11 

73 

1 

46 

Mitral stenosis (?), sino auncular tachycardia 

7063 

9 

28 

1 5 

25 

Rheumatic history, normal heart 

2954 

— 35 

85 

2 

1 

Arteriosclerotic and syphilitic heart, sino auricular 
tachycardia 

4654 

—7 

58 

1 5 

2 

Pennephritic abscess, sino auricular tachycardia 

3854 

— 7 

94 

1 

4 

Hypertension, varicocele 

5480 

35 

10 

2 

32 

Chorea (7), mitral stenosis (.'>), sino-auriciilar tachy 
cardia 

3730 

2 

35 

3 

3 

Nephritis, hypertension 

1445 

—8 

75 

2 

3 

Phthisis (?), mitral’ stenosis (’) 

6820 

—7 

78 

1 

4 

Mitral stenosis (?), sino auricular tachycardia 

6857 

—8 

100 

2 

2 

Hypertension, uremia, prostatitis 

6487 

6 

46 

1 

3 

Ncphntis, hypertension, sino-auricular tachycardia 

7068 

2, 

05 

2 

4 

Congenital heart (?), ventricular septal defect, smo 
auricular tachycardia 

7654 

8 

59 

2 

63 

Congenital heart, septal defect, heart block 

6390 

—28 

118 

2 

4 

Congenital heart, septal defect, patent ductus arte 
riosus, siuo-auricular tachycardia, pulmonic 
stenosis (?) 

7170 

—12 

110 

2 

1 

Congenital heart, ventricular septal defect (?), pul 
monic stenosis (?), sino auricular tachycardia 

6459 

—20 

86 

25 

4 

Congenital heart, pulmomc stenosis (7), sino auricu 
lar tachycardia 

8121 

2 

57 

2 

3 5 

Nephritis, hypertension, uremia 

Si 55 

5 

53 

1 5 

5 

Nephntis, hypertension, uremia, smo auricular 
tachycardia 

8975 

0 

60 

23 

3 

Sino auncular tachycardia, curvature of spine 


* All eases InvinE other than definite pulmonic stenosis or mitral stenosis encountered in 
the roaiew ol cases -with electrocardiograms showing high V tvaves 

Summary Total cases, torty-one, doubtful mitral stenosis, si\, doubtful pulmonic 
stenosis, three probable interventncular septal defect without pulmonic stenosis, two, total 
congenital heart cases, five Sino auricular tachycardia (heart rate of lOO or more) without 
question of mitral stenosis or congenital heart defects, eighteen Hypertension with or 
without nephritis, not Included in foregoing listing, ten Rheumatic historj without evidence 
of heart disease, one, and no disease, one 
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approximation was shown by the percentage of right axis deviation, in 
that 60 per cent of all cases had indexes equal to or below — 10, and 
54 per cent had angles equal to or greater than 90 degrees 

A further interesting and expected finding in this series of com- 
bined mitral lesions (Tables 3, 4 and 5) is that the mechanism involved 
causes an increase in the amplitude of P but a decrease m the negativ- 
ity of the indexes and in the positive angles (that is a lessened tendency 
to right axis deviation), as compared with the pure mitral stenosis 
cases 



Fig 2 — Leads I, II and III m well marked mitral stenosis, large P waves 
in Leads I and II and pronounced right axis deviation (right ventricular pre- 
ponderance) 

It IS of much interest to note that twenty-nine of these forty-one 
miscellaneous cases (Table 6) showed conditions that could easily 
explain the abnormally high P waves Mitral stenosis and pulmonic 
stenosis were probably present in the cases listed doubtful though the 
signs were not well enough marked to make a positive diagnosis 
There were two other cases of congenital heart disease showing large P 
waves probably with interventricular defects, it is likely that, the auri- 



720 


ARCHIVES OF INTERNAL MEDICINE 


cles as well as the ventricles in some patients of this type are over- 
worked with resultant hypertrophy or increased activity Smo-auricular 
tachycardia is usually the result of sympathetic nerve stimulation, and 
It IS a well recognized fact physiologically that such stimulation may 
result in increase m amplitude of the auricular deflection (and also of 
the T wave) of the electrocardiogram The frequent finding of hyper- 
tension in some of the cases with high P waves may be significant — 
here again there is a possibility that the auricles as well as the ventricles 



Fig 3 — ^Leads I, II and III in congenital pulmonic stenosis, large P waves 
in Leads I and II and marked right avis deviation 

may be overworked with resultant evidence of this increased activity, 
although large P waves are not the usual finding in hypertension Only 
two of the whole group of the forty-one miscellaneous cases, and m 
fact only two of the entire series of 132 cases showing high P waves, 
remain unexplained in the presence of definite or doubtful mitral 
stenosis, definite or doubtful pulmonic stenosis, other congemtal heart 
defects, sino-auncular tachycardia, or the possible influence of hyper- 
tension 
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PART II 

When we came to undeitake the second pait of the study mentioned 
above, that is, an analysis of the P waves as to their amplitude and of 
the angles and indexes in all cases of definite pulmonic stenosis in 
which electrocardiogi ams were made at the.Massachusetts General Hos- 
pital since 1914, we discovered, as has previously been mentioned, that 
as a lesult of their increase m the amplitude of P they were all covered 
by Table 1, and had therefore all been analyzed Seventy-nine per 
cent of all these cases showed an amplitude of P 2 equal to or greater 
than 3 mm Seventy-nine pei cent had an amplitude of P-, greater 
than 1 mm, and 100 per cent had definite light axis deviation with 
angles of ovei 90 degrees and indexes of — 10 or below All cases 
had either P^ over 1 mm 01 Po ovei 01 equal to 3 mm 

PART III 

Turning to the third study mentioned we examined the plates of 
100 unselected cases that had been diagnosed clinically as pure mitral 
stenosis (Table 7 ) 

It IS evident from Table 7 that in this senes, 45 per cent of those 
showing P waves (that is, without fibrillation) had an amplitude of Po 
equal to 01 greater than 3 mm , and 78 per cent had an amplitude of 
Pi greater than 1 mm , whereas 84 pei cent had Pj or Po equaling 
these high figures Furthermore, one half of these cases showed the 
angles and indexes of right axis deviation With regard to the angles 
in the entire senes (with 01 without fibrillation) they were found to 
equal or exceed 90 degrees in 47 per cent of all cases, while the indexes 
in the total series weie equal to 01 less than — 10 in 52 per cent of 
the cases 

SUMMARY AND CONCLUSIONS 

1 A study has been made of all the patients (132) who have shown 
by electrocardiogram during nine and one-half years at the Massachu- 
setts General Hospital auricular or P waves greatei than 0 1 millivolt 
(1 mm ) in amplitude in Lead I or equal to or greater than 0 3 milli- 
volt (3 mm ) in Lead II Of these cases nineteen (14 per cent ) had 
definite congenital pulmonic stenosis , three (2 per cent ) had doubtful 
congenital pulmonic stenosis, seventy-two (55 per cent) had definite 
mitral stenosis, six (5 per cent ) had doubtful mitral stenosis, two (2 
per cent ) had probable interventricular septal defect, and eighteen ( 14 
per cent ) had smo-auricular tachycardia without question of mitral 
stenosis or congenital heart defects — a total of 120, or 91 per cent of 
the 132 cases Only twelve cases (9 per cent ) are not readily accounted 
for Ten of these (8 per cent ) had hypertension with or without 
nephritis, not included in previous groups 
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Table 7 — Mttjal Stenosis (JPwe)’* 


Plate No 

905 

1917 

2209 

2275 

1605 

3095 

S252 

2362 

6653 

66S5 

6675 

6S01 

6865 

6959 

6918 

8518 

7151 

6471 

7106 

6898 

1321 

26S3 

6556 

I3S5 

7859 

6620 

1396 

6763 

6064 

6765 

6818 

6884 

6890 

6906 

7166 

7169 

mi 

6430 

6440 

6945 

5311 

6879 

6450 

5608 

5822 

5903 

3863 

5119 

5907A 

5275 

4685 

5545 

6863 

5792 

5907 

3640 

5849 

6031 

4183 

4531 

4853 

4063 

4376 

4200 

4529 

3760 

4717 

46 ^ 

4710 

3608 

3716 

5562 

8518 

6435 

6064 

7057 

6308 


Index, 

Angle, 

Pi, 

p2, 

Mm 

Degrees 

Mm 

Mm 

—15 

120 

3 

3 

—11 

69 

2 

2 

—17 

102 

2 

2 

—15 

180 

18 

2 

—85 

81 

15 

27 

—13 

95 

1 

4 

—19 5 

120 

22 

22 

2 

56 

15 

35 

—1 

59 

2 

3 

—20 

90 

1 

3 

—1 

62 

2 

36 

— 7 

75 

15 

35 

—45 

90 

22 

18 

—10 

72 

15 

3 

55 

25 

2 

4 

—12 

98 

2 

5 

—5 

69 

1 

4 


—16 

—6 

—20 

—13 

—10 

—20 

—21 

—3 

—14 

—19 

—10 

—8 

0 

•—9 

—17 

—2 

—20 

4 
10 

—17 

—20 

—11 

—30 

—19 

—23 

—24 

—14 

5 
4 

—20 

—10 

—15 

—15 

0 

—8 

—5 

4 

—18 

—15 

—10 

8 

2 

—16 

—2 

—11 

4 

—8 

—2 

—12 

12 

2 

5 
16 

3 

—32 

—12 


117 

2 4 

76 

1 6 

112 

15 5 

121 

16 25 

78 

15 32 

122 

2 2 5 

222 

25 4 

64 

Auricular fibrillation 

126 

Auricular fibrillation 

105 

3 2.5 

133 

Auricular fibrillation 

90 

Auricular fibrillation 

— 

16 2 

140 

15 12 

98 

Auricular flbriihtion 

70 

Auncular flbnllation 

112 

Auricular fibrillation 

—35 

Auncular fibrillation 

10 

1 2 

90 

Auricular fibrillation 

97 

Auricular flbnllation 

127 

Auricular fibrillation 

90 

1 1 

88 

Auricular fibrillation 

102 

12 25 

121 

Auncular fibrillation 

SO 

Auncular fibrillation 

52 

Auncular fibrillation 

0 

Auricular fibrillation 

87 

Auricular fibrillation 

90 

Auricular fibrillation 

97 

Auncular fibrillation 

109 

Auncular fibrillation 

58 

Aurciular flbnllation 

108 

, Auricular fibrillation 

55 

Auricular fibrillation 

40 

Auricular flbnllation 

110 

Auricular fibrillation 

115 

Auricular fibrillation 

158 

Auricular fibrillation 

—15 

Auricular fibrillation 

—32 

Auricular fibrillation 

115 

Auricular flbnllation 

CO 

Auncular flbnllation 

60 

Auricular fibrillation 

—11 

1 2 

76 

Auricular fibrillation 

68 

Auricular fibrillation 

115 

Auncular fibrillation 

7 

Auricular fibrillation 

55 

Auricular fibrillation 

—17 

1 2 

5 

1 2 

46 

1 2 

122 

2 25 

98 

3 5 


9 68 2 5 4 

“f 90 Auricular fibrillation 

—11 99 2 5 5 

— ^3 67 2 3 
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Table 7 — MiUal Stenosis (Puie)'^ — Continued 


Plato No 

Index, 

Mm 

Angle, 

Degrees 

Pi, 

Mm 

P=. 

Mm 

C325 

—23 

08 

2 

25 

C535 

—13 

99 

2 

3 

C831 

16 

—18 

1 6 

3+ 

0774 

—44 

101 

2 

2 

0935 

—0 

lOS 

2 

2 5 

7101 

—13 

02 

2 

25 

5023 

0 

00 

1 5 

2 

0233 

—1 

02 

2 

8 

4470 

2 

42 

2 

3 

4501 

—9 

73 

2 

2 

0520 

—10 

00 

3 

3 

2159 

8 

0 

Auricular fibrillation 

4491 

6 

47 

Auricular fibrillation 

8100 

—5 

74 

Auricular fibrilliltion 

2460 

—10 

82 

Auricular fibnllation 

3339 

—18 

142 

2 

2 

3370 

9 

—10 

1 

1 

2303 

4 

62 

1 5 

22 

3183 

—10 

80 

1 2 

! 

1742 

-16 

80 

16 

26 

3319 

1 

57 

1 

1 

3252 

—20 

120 

2 

2 5 

3287 

—0 

09 

1 

1 5 


* All wore patients In tlio Mnssacliusctts General Hospltol clectrocardlogrnplied from 1W8 
to Januniv, 1921 

Summary Total cases, 100, Including forty-two cases of auricular fibrillation Of tlic 
remaining fifty-eight, forty five hud Pi greater than 1 mm amplitude (78 per cent ) and 
thirty nine had Pe greater than 2 mm 'Ihvcnty sl\ had Pa equal to or greater than 3 mm 
(15 per cent), forty nine had an abnormally largo Pi oiP. (81 per cent) Of the total (100) 
cases, forty seven had angles equal to or greater than -i-00 degrees, seventy-four had angles 
equal to or greater than -l-CO degrees PIfty-two had indexes equal to or below —10, thirty 
one had Indexes equal to or below —15 Of the flftj-elght cases nith normal rhythm the 
Indexes and angles were ns follows twenty six had indexes equal to or below —10, sixteen 
had Indexes equal to or below —15, forty-three had angles equal to or greater than 00 degrees, 
and twenty seven had angles equal to or greater than 00 degrees 


2 Of all the nineteen patients with congenital pulmonic stenosis elec- 
ti ocardiographed at the Massachusetts Geneial Hospital fiom 1914 to 
1924 (nine and one-half years) 79 per cent had an abnormally large 
P wave 111 Lead I, greater than 1 mm m amplitude , 84 per cent had an 
abnormally large P wave m Lead II, equal to oi greater than 3 mm m 
amplitude , 68 per cent had both, and 100 per cent had one oi the other 
Also, all showed abnoimal right axis deviation (right ventricular 
pieponderance) 

3 Of the 100 unselected consecutive patients with mitral stenosis 
electi ocardiographed at the Massachusetts Geneial liospital fifty-eight 
had noimal ihythm Forty-two showed auncular fibrillation Of the 
fifty-eight cases with normal rhythm forty-nine (84 per cent ) showed 
either an abnormally large Pj, P 2 or both 

4 An amplitude of Pi greater than 1 mm , of P, equal to or greater 
than 3 mm , an electi ical axis of 90 degi ees or more, and an axis index 
of — 10 or less are consistently found in congenital pulmonic stenosis 

5 A Pi consistently greater in amplitude than 1 mm or a Po equal 
to or gi eater than 3 mm points to the possibility of an existent initial 
stenosis, if both of these conditions are present there is greater likeli- 
hood of the condition; and if either of these findings is accompanied 
by right axis deviation, in the absence of pulmonic stenosis, the diag- 
nosis of mitral stenosis is probable 





THE ACTION OF PARAPHENYLENDIAMIN 


AN EXPERIMENTAL STUDY 
KAETHE W DEWEY, MD 

CHIC \G0 

In the course of studies on the lymphatic system of the eye I made 
use of a drug that is known to produce edema of the orbital tissue and 
bulging of the eyeball This drug is paraphenylendiamin hydiochlond, 
which is used in dyeing furs and feathers and which also is the chief 
constituent of certain hair dyes According to Birch-Hirschfeld,’- the 
edema produced by this substance is essentially stasis of lymph, the 
result of which is dilatation of the lymph vessels, and he states that he 
has been able by this means to demonstrate a lymphatic apparatus in the 
oibital tissue My obseivations of the action of paraphenylendiamin on 
the l5miphatic system have been discussed in a pi evious paper - Because 
of the peculiar symptom complex that follows the injection of para- 
phenylendiamin and because of veiy marked differences in the effect 
of the drug in different species of animals, I carried on the experiments 
on a much larger scale than my original purpose called foi Many of 
the symptoms arising from paraphenylendiamin poisoning bear a pecu- 
liar resemblance to those observed in poisoning from a gioup of 
substances collectively called “histamms ’’ The question of a possible 
relationship of paiaphenylendiamin to the histamin gioup was, how- 
ever, not included in my experimental study of the former drug 

To those familiar with the symptoms of histamin poisoning their 
similarit}’ to the symptoms of paraphenylendiamin poisoning m men 
engaged in dyeing furs and feathers and occasionally in people using 
the hair dye must indeed be striking Robert ® states that in 30 per cent 
of the men who are employed m dyeing skins the effect of the drug is 
not only manifested by eczematous eruptions and other affections of the 
skin, but that the lespiratory tract also is involved, and that periodical 
attacks of asthma occur These attacks resemble those of genuine 
so-called bronchial asthma even in the composition of the sputum in 
which Charcot-Leyden crystals, Curschmann's spirals and Ehrlich’s 
eosinophil cells are found ^ In view of these facts Erdmann,® the 

1 Birch-Hirschfeld, A Die Krankheiten der Orbita, Graefe-Samisch, 
Leipzig, 9 112-114 (Part II) 1907 

2 Dewe>, K W A Study of the Lymphatic System of the Eye, Anat Rec 

10 125, 1925 ' 

3 Robert, P Lehrbuch der Intoxikationen, Stuttgart, 1906, 2 653 

4 Gnegern Ueber erne gewerbliche Vergiftung beobachtet bei der Rauch- 
warenfarbung mit Paraphenylendiammpraparaten, welche unter dem khnischen 
Bilde ernes Bronchialasthmas verlauft, Verhandl d Cong f inn Med 20 457, 
1902 

5 Erdmann, E Em neues Verfahren zum Farben von Pelzwerk, Ztschr 
f ang Chemie 8 424, 1895 
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mventoi of this ci)^e for skins and feathers, was induced to make the 
express statement that the drug is not applicable for the dyeing of 
human hair The symptoms that may anse after the use of the drug 
as a hair dye are eczema, lacrimation, reddening and swelling of the 
conjunctiva, chemosis, glaucoma and exophthalmos, also such general 
symptoms as vomiting and diarrhea may be observed In a case 
described by Puppe,® skin eiuptions appeared on the scalp and the neck 
the same day the woman applied the haii dye, the next day the face 
was so swollen that she could not open the e}es All symptoms dis- 
appeared withm a short time Puppe was told by the patient that similai 
symptoms had occuired in other women who had used the dye Pol- 
lack' leported a case in which the symptoms appealed after the third 
application, several months had elapsed since the first and second 
applications The symptoms were itching, burning and eczematous 
swelling of the skin, lacrimation, swelling of the lids and exophthalmos 

In animals the effects vary considerably with the species It may 
be said that there is a marked idiosyncrasy for the di ug The observa- 
tions with the hair dyes emphasize this , many people apparently have 
no symptoms from it while some react more oi less violently 

Paraphenylendiamin is considered as being on the borderline of the 
blood poisons If it is mixed with blood, brown discoloration and the 
formation of methemoglobin is observed In the body brown discolora- 
tion also takes place, but methemoglobin is not formed, or is formed 
only to a slight degree There is no explanation yet for the action 
of paraphenylendiamin and the peculiar changes about the eye Puppe 
and also Kunkel ® are of the opinion that the blood and the blood 
vessels are essentially involved in the development of the intoxication 
edema which is the most chaiactenstic featuie of paraphenylendiamin 
poisoning Tainter and Hanzlik,*’ m testing the diug m rabbits, found 
that while specific edema of the head and neck develop in from one to 
three hours after subcutaneous injection of the drug (0 19 gm per 
kilogram) there is at the same time a relative increase in the hemo- 
globin and the total solids of the blood due to the escape of fluid from 
the circulation, this indicates that an increase in vascular permeability 
may be a factor in the production of the edema 

The features observed m paraphenylendiamin poisoning described 
in the foregoing vividly recall the peculiar symptoms characteristic of 

6 Puppe Ueber Paraphenylendiamin Vergiftung, Vntijschr f genchtl 
Med 12 1161 (Supp ) 1896, p 1161, quoted by Matsumoto (Footnote 13) 

7 Pollack, E Ein Fall von Paraphenylendiaminvergiftung, Wein klin 
Wchnschr 13 712, 1900 

8 Kunkel, A J Handbuch der Toxikologie, Jena, 1901, p 616 

9 Tainter, M K, and Hanzlik, P J The Mechanism of Edema Produc- 
tion by Paraphenylendiamin, Proc Soc Exper Biol & Med 20 497, 1923 
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histamm poisoning It would seem that these two substances are too 
widely different for a common action , yet we know today that a variety 
of substances that apparently are entirely unrelated in their chemical 
make-up have the typical histamin action First of all, it was found 
that the substances termed “histamin,” “peristaltic hoimone,” “vaso- 
dilatin’’ and “motlin” are all the same substance It was shown that 
other substances, like pituitary extract, although from other tissue 
organs also have the typical histamin action , that in fact this action is 
common to a large group of poisonous substances of animal and vege- 
table origin With reference to the edema from histamin poisoning the 
view IS expressed that it is due to the action of histamin as a poison to 
the capillary endothelium “This again,” Abel and Kubota^® state, 
“brings them into relation with certain metallic poisons, such as arsenic 
and gold salts winch weie long ago classed by Huebner as ‘capillar)’' 
poisons,’ and which when introduced in appropriate doses into the 
general circulation, produce a shockhke piostration ” They remark 
further on 

The existence of these points of community, in the action of substances so 
utterly unrelated chemically as histamm and certain metallic ions, forbids any 
assumption that the production of similar effects bj unknown constituents of 
some organ or tissue indicates the presence therein of histamin itself, or of any 
substance chemically related to it 

The dog IS the animal most susceptible to the toxic action of 
paraphenylendiamin introduced subcutaneously The lethal dose is 
01 gm per kilogram of body weight, with death occuiring from two 
to three hours after the injection Half this dose is sufficient to produce 
marked symptoms In the rabbit very much larger doses are required 
and the injections may be repeated, but ultimately the same effect will 
be obtained Intravenous injections, accoiding to Pollack, do not pro- 
duce these characteristic symptoms However, he tested this only once 
My own repeated experiments showed that his statement is not coirect, 
and Robert and Dubois and Vignon also state that they obtained 
edema of the subcutaneous tissue, and especially about the eye, by 
introducing the drug directly into the circulation The peculiar eye 
symptoms may also be produced by scarification of the skin, as in fact 
the effects of the hair dye on the skin would lead us to suppose 

The symptoms of paraphenylendiamin poisoning that we observe in 
dogs have been described by Grunert as follows The earliest and most 

10 Abel, J , and Kubota, S On the Presence of Histamm (^-Iminazolvl- 
ethjlamm) in the Hypophysis Cerebri and Other Tissues of the Body and Its 
Occurrence Among the Hydrolytic Decomposition Products of Proteins, J 
Pharm & Exper Therap 13 243 (June) 1919 

11 Dubois and Vignon Action physiologique de para et metaphenylene- 
diamine, Compt rend Soc de biol 107 533, 1888 
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striking symptoms are chemosis and exophthalmos with an inciease of 
the intra-ocular pressuie This is accompanied by increased lacrimal 
and mucous secretion of the conjunctivae and an increase of the saliva 
With a large dose the edema of the orbit passes over to the face and to 
the neck There is -vomiting, dianhea, paralysis, tiemblmg, apathy, 
and under dyspnea and coirvulsions death occurs m coma within from 
three to six houis after the injection Anatomically, the poisoned 
animals show seious effusion of the oibital cellular tissue, black dis- 
coloration of the lacrimal glands, slight brown discoloiation of the 
tongue and gingivae, swelling of the entire mucosa of the upper 'air 
passages, and above all edema of the tongue and glottis The other 
findings in the inner organs aie m general negative Edema of the 
glottis IS to be considered as the cause of death Besides the laciimal 
gland, the gland of the nictitating membrane is discolored, some por- 
tions of the orbital gland also are sometimes slightly browned, both 
submaxillary glands are always, although slightly, discolored On the 
other hand, the paiotid, the thyroid and the thymus glands, the lung, 
liver, pancreas, testes and Peyer’s plaques are always normal 

Grunert^^ does not explain wheie the fluid in the edematous tissue 
comes from It is a fact that the edema fills the entire orbit as early as 
one hour after the injection and disappeais again in one day without 
leaving any demonstiable traces No cellular infiltiation is evei found 
about the glands as an indication of an iriitation Grunert states that 
the edematous fluid pressed out of the tissue does not differ in reaction 
nor in its other chemical behavior from noimal lymph, but is well dis- 
tinguished from inflammatoiy edema He believes, therefore, that we 
must assume that the substance is made ineffective oi is bound in the 
lacrimal gland Not so m the salivary glands, which excrete the poison 
unsplit The orbital edema is therefore, he states, congestion or stasis 
of normal lymph, which, according to Matsumoto, is apparently in the 
state of coagulation, for it does not flow off when the edematous tissue 
IS cut into Puppe believes that it is a stasis edema, perhaps due to the 
formation of thrombi in the veins 

Matsumoto and Kunkel are of the opinion that the substance circu- 
lating in the blood passes from the peiipheral capillaries into the lymph 
and there produces certain chemical changes of the lymph impeding its 
forward motion An analogy in the action of this poison is offered by 
potassium lodid, which also produces coryza and edema of the glottis 
Grunert asserts that he has shown that the lacrimal gland by a special 
property of the protoplasm of its secreting cells is able to render this 
poison chemically ineffective Tainter and Hanzlik found that locahza- 

f 

12 Grunert, K Die Augensymptome bei Vergiftung mit Paraphenyl- 
endiamin nebst Bemerkungen uber die Hlstologie der Tranendruse, Ber u d. 
Versamm d ophth Gesellsch , 1903, pp 31-32, 208 
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tion of the edema in the head and neck of the rabbit is not connected 
with an increased concentration of paraphenylendiamin in these regions, 
since quantitative estimations of the paraphenylendiamin in the saliva 
and in the edematous fluid showed the concentration to be less or no 
greater than that in the blood plasma They also state that oxidation 
products are not concerned in the edema 

Matsunioto tested the drug on frogs and mice as well as on dogs 
and rabbits If frogs are brushed with a 15 per cent solution of 
paraphenylendiamin on different paits of the body, torpor, paresis and 
gradually complete paralysis are observed At the necropsy the super- 
ficial muscles are markedly blue, this coloration increases in contact 
with the air Matsumoto believes that the oxygen of the air diffuses 
through the skin to the muscles and that oxidation does not take place 
through the oxygen circulating in the blood Subcutaneous injection 
of 001-002 gm of paraphenylendiamin kills frogs weighing 40-60 gm 
Paresis and paralysis are the chief symptoms The subcutaneous cellu- 
lar tissue contains large quantities of clear fluid There is pigmentation 
of the liver and spleen and bluish red coloration of the superficial mus- 
cles Mice are killed by as little as 0005 gm of paraphenylendiamin 
Paresis is soon observed and death occurs under convulsions within one 
hour There is no edema of the subcutaneous tissue nor pigmentation 
of the liver and spleen worth mentioning The muscles turn brownish 
red Rabbits may be killed by intravenous injection of 0 2 gm of 
paraphenylendiamin per kilogram of body weight The symptoms are 
salivation, edema of the tongue, trismus, subcutaneous edema of the 
lower portion of the face and the upper portion of the neck, paresis, 
convulsions, dyspnea, and even suffocation followed by death The 
eye symptoms are not prominent, howevei, exophthalmos, chemosis 
and edema of the lids are sometimes observed In dogs he observed 
the same symptoms as other authors To him the most plausible 
explanation for the phenomenon seemed that the paraphenylendiamin 
circulating in the blood is in part eliminated into the lymph from the 
peripheral capillaries About the head the poison meets the proper 
conditions for certain chemical alterations which lead to coagulation 
or at least impeded flow of the lymph The edema m these conditions 
differs from that in man, Matsumoto believes, when cutting into such 
tissue, this appears gelatinous, while in edema in man clear fluid flows 
out 

A summary of my experiments will show that, in general, the 
sjrmptoms I observed are the same as those reported by the writers 
( 

13 Matsumoto, H Ueber die Giftwirkung des Paraphenylendiamins, I D > 
Wurzburg, 1901 
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I have mentioned, but that theie aie some observations which have not 
been reported or duly emphasized by these writers 

The most charactei istic effect of paraphenylendiamin, namely, edema 
of the orbital tissue with exophthalmos and lacnmation, is observed 
best in the dog This animal is the most susceptible to the action of 
the drug The lethal dose is 0 1 gm subcutaneously, with death occur- 
ring from two to thiee hours aftei the injection Rabbits can stand 
very much laigei doses than dogs The dose of 0 1 gm pei kilogram, 
fatal to dogs, has to be given several times to labbits before the charac- 
teristic symptoms aiise A single dose of 0 5 gm will pioduce death 
within from two to three hours Edema of the glottis is the immediate 
cause of death Exophthalmos is laiely observed in rabbits Edema 
of the subcutaneous tissue of the face and neck, of the glottis and the 
upper air passages is the most conspicuous symptom In fiogs the 
chaiacteiistic symptoms aie of a neivous nature torpor, paresis and 
paralysis In guinea-pigs they are exclusively nervous excitement 
and convulsions There is no swelling of the subcutaneous tissue The 
symptoms in dogs aie restlessness very soon after the injection, vomit- 
ing, purging, swelling of the conjunctivae and the lids, well noticeable 
one and one-half houis after the injection, sensitiveness of the eyes to 
light, uneasiness, gioanmg, respiratory distui bailees, and a comatose 
condition after thiee and one-half houis when the dose is less than 0 1 
gm per kilogiam Cats react very similaily to the drug Constriction 
of the pupil, lespiiatoiy disturbances and edema of the glottis are 
conspicuous symptoms 

Since the statements about the eftects of pai aphenylendiamin in 
rabbits vaiy somewhat and appaiently the experiments with them by 
other writers have not been extensive, I give a table of my observations 
on rabbits A table of the effect on guinea-pigs is added, evidently no 
tests on those animals have yet been made 

When we consider these symptoms, the action of paraphenylendiamin 
seems to differ widely in animals The stiictly localized edema, the 
most conspicuous symptom m dogs, cats and rabbits, seems to have 
nothing in common with the nervous manifestations, the main symptom 
observed in guinea-pigs, frogs and mice m which edema does not occur 
The peculiar localization of the edema is such a striking feature in the 
former group of animals that it has received the chief attention fiom all 
investigatois No satisfactory explanation of this singular action of 
paraphenylendiamin has yet been offered Some writers have attempted 
to explain the steps in which the edema may be produced, it has not 
been suggested that primarily the cause may be from the neivous 
system Nervous manifestations, however, are actually observed in 
dogs and cats very early , they are even the very first symptoms Soon 
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Table 2 — Effect of Paraphenylendiamm on Gmnea-Ptgs 
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after the injection the animal becomes restless, there are disturbances 
in the locomotion, the head is thrown back, as in opisthotonos, before 
there are manifest indications of respiratory interfeience from bronchial 
spasm or edema in the an passages Dubois and Vignon also report 
such symptoms It would not seem unreasonable to assume that the 
edema occurring in man and dogs is due to paralysis or irritation of 
the vasomotor neives, resulting in an inciease of the vascular secretion 
It is of interest to note that the manifestations of the toxic action of 
paraphenylendiamm in men employed m dyeing skins are of a type that 
may be classed with the so-called neuropathic aftections , namely, certain 
skin eruptions which, like urticaria, herpes zoster, etc , are probably 
intoxication symptoms associated with nervous disturbances in the func- 
tions of the capillaries Moreover, the bronchial asthma that attacks a 
rather high percentage of the men who are exposed to the action of 
paraphenylendiamm m their occupation is a “neurosis ” The action of 
this diug may be in all cases on the nervous system, and nervous influ- 
ences exerted on the capillaries may be the diiect cause of the edema 
The localization is a peculiar feature The edematous swelling of the 
orbital tissue in dogs is veiy striking, but the edema in the uppei air 
passages leading to death from suffocation is not less remarkable In 
rabbits the edema of the subcutaneous tissue of the face and the neck, 
of the tongue and the throat is much more marked than about the eyes 
Why the action of a toxic substance on the nervous system should 
evoke a localized edema is not at once clear We may assume that 
nervous influences may be exerted directly on the capillaries and that in 
the region of the eyes, m the throat, the face and the neck the capil- 
laries may have certain properties peculiar to them and adjusted to 
functional activities m these regions, and that it is because of these 
properties that edema is produced by neuropathic influences in these 
regions only and not in others This inference is possible in view of 
the fact that the transudates differ one from another m various locali- 
ties I refer here only to statements by Ziegler^* that the albumin 
content of pure transudates is not the same m all body cavities and tis- 
sues, but differs m a pronounced degree The albumin content of 
transudations of the pleura, according to Reuss, is 22 5 per thousand, 
that of the pericardium 18 3, of the peritoneum 11 1, of the subcu- 
taneous connective tissue 5 8 , of the cavities of the brain and spinal 
cord 14 To these statements Ziegler adds the remaik “These facts 
may be taken as a proof of the different constitution of the vessel walls 
in the various tissues of the body ” 


14 Ziegler, E General Pathologj, translation, New York, 1918, p 153 
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Foi compaiison let us lecall some obseivations of the action of 
histamm m animals Dale and Laidlow observed immediate vomiting 
and pmgmg, pi of use salivation and labored respiration followed by a 
period of collapse m a cat injected intravenously with 10 mg of the 
hydiochloiid of histamm Theie is a marked idiosynciasy in the 
species of animals, especially in indents In the latter, the effects of 
intiavenous and subcutaneous injections are conspicuous features in 
histamm poisoning Death is due to asphyxia from constiictioii of the 
bronchioles by spasm of the muscular coats, perhaps also from inci eased 
secretion With smaller doses there is lecoveiy of the symptoms, a 
second injection before the effects of the fiist have entirely subsided 
causes lenewal of the symptoms in an accentuated form, death ensuing 
in a few seconds Large doses produce convulsive and obstructed 
lespiration In cats theie is not such a marked discrepancy between 
the effects of intravenous and subcutaneous injections Salivation, 
lacrimation and increased bronchial secretion are observed Constiic- 
tion of the pupil, even in the dusk, is a notable feature 

Concerning the bronchial spasm, Dale and Laidlow leniaik that it is 
impossible to say whether histamm has a direct effect on the resj^iiatory 
center Barger and Dale state that histamm increases the flow of 
lymph from the thoracic duct Interesting aie the views of Keeton, 
Koch and Luckhardt concerning the observations made by Dale and 
Richards 

Their observations indicate a remarkable vascular action by histamm 
Apparently it acts upon two distinctly different anatomical structures m the 
vascular system It causes a transient vasoconstriction in the arterioles and a 
more delayed and prolonged vasodilating action on the capillaries due to inhibi- 
tion of their tone The main action then consists in opening up new capillary 
areas together with permeation of the capillary wall by blood plasma — Dale 
and Richards’ observations indicating a loss of plasma and an increase in con- 
centration of red corpuscles in the blood, as a result of histamm, have also 
been observed by Simon " 

The sti iking dissimilarity m the action of paraphenylendiamin in 
different animals has an inteiesting analogy m one of the most charac- 

15 Dale, H , and Laidlow, P The Physiological Action of /3-Iminazolyle- 
thylamine, J Physiol 4,1 318, 1910, Further Observations on the Action of 
/S-Iminazolylethylamine, J Physiol 43 183, 1911-1912 

16 Barger, G, and Dale, H P-Iminazolylethylamine, a Depressor Con- 
stituent of Intestinal Mucosa, J Physiol 41 499, 1911-1912 

17 Keeton, R W , Koch, F C , and Luckhardt, A B Gastrin Studies, III, 
The Response of the Stomach of Various Animals to Gastrin Bodies, Am J 
Physiol 51 454 (April) 1920, IV, The Response of the Stomach Mucosa to 
Food and Gastrin Bodies as Influenced by Atropin, ibid 51 469 (April) 1920 

18 Dale, H H , and Richards, A N The Vasodilator Action of Histamm 
and of Some Other Substances, J Physiol 52 110 (July) 1918 

19 Simon, L G Sur Quelques Effects des Injections de Secretine, J de 
physiol et de path gen 9 79, 1907 
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teristic actions of epinephrin or pituitary extract (histamm), namely, 
that on the plain muscle of the uterus Keeton, Koch and* Luckhardt, 
in reference to this, state 

It IS well known that the virgin or nonpregnant uterus of the rabbit, dog, 
ferret, monkey or man ahvajs contracts after adrenalin treatment whereas in 
the cat, gumea-pig and rat this may cause a relaxation, and that only the 
pregnant uterus is caused to contract 

SUMMARY 

1 There is a marked difference in the susceptibility to para- 
phen>Iendiamm not only in species of animals but also m individuals of 
the same species 

2 In people with an idiosyncrasy for the drugs paraphenylendiamin 
(in an industrial occupation or after the use of the hair dye) produces 
local and general symptoms that resemble somewhat those obseived 
in the dog The drug apparently is absorbed by the skin to some extent 

3 Some animals (individuals, not species) show a more or less 
violent local reaction, resulting in sharp demarcation of an area with 
ultimate sloughing 

4 Dogs are the most susceptible to the drug A fatal dose is 0 1 gm 
per kilogram of body weight with death occurring from two to three 
hours after the injection Marked symptoms are produced by 0 05 gm 
Cats react similarly 

5 Doses fatal to dogs may be given from thiee to five times to 
rabbits without producing any symptoms if the intervals (from three to 
four days) are long enough to permit elimination of the poison With 
short intervals (from four to twenty-four hours) symptoms generally 
arise after the third injection A dose of 0 34 gm injected subcu- 
taneously or intravenously produces death within twelve hours 

6 Guinea-pigs, like rabbits, are not affected by a subcutaneous dose 
that is fatal to the dog Symptoms arise after the third or fourth injec- 
tion of 0 125 gm , if the intervals are four days Intrapentoneal 
injections act more quickly If paraphenylendiamin is applied externally 
for some time, a small dose injected subcutaneously is sufficient to pro- 
duce symptoms 

7 Frogs are very susceptible to the poison applied externally, it is 
rapidly absorbed by the skin Death may occur one hour after the 
application 

8 The symptoms in dogs, cats and rabbits are a localized edema In 
guinea-pigs, mice and frogs they are nervous manifestations paresis, 
paralysis or convulsions 

9 The action of the drug is perhaps in all cases on the nervous 
system The edema about the head may be the result of vasodisturbances 
The localization may correspond to differences in the constitution of the 
% essel w'alls in the in\ olved areas 



INTERMITTENT AURICULAR FIBRILLATION 

WITH FLEETING RAPIDLY RECURRING PAROXYSMS HAVING 
IDENTICAL TYPE OF AURICULAR BEHAVIOR 

CHARLES C WOLFERTH, MD 

PHILADELPHIA 

It has become recognized during the last few years that paroxysmal 
auiicular fibrillation is a relatively common disorder, although probably 
not so frequent as chronic fibrillation According to the published 
descriptions of cases, it would appear that the paroxysms usually last 
hours or da 3 ^s , nevertheless, all clinicians of experience must occasionally 
have encountered paioxysms lasting only a few minutes, paiticulaily in 
cases of hyperthyroidism but also occasionally in other forms of cardiac 
involvement 

Veiy brief paroxysms, not more than a few seconds in duration, 
have been very laiely observed This may be due in part to the impossi- 
bility of recognizing the nature of such brief paroxysms by oi dinary 
clinical methods and to the fact that unless they recur frequently they 
are recorded in electrocardiogiams by mere chance A caieful search of 
the literature extending over the penod of use of the electrocardiograph 
111 clinical medicine for examples of such fleeting paioxysms reveals only 
four cases reported with electrocardiograms that leave no doubt as to 
the correctness of the interpretation Possibly other cases not readily 
accessible have been overlooked 

Semerau/ m 1918, reported two cases in which fleeting paroxysms 
were recorded In one of these, however, the paroxysms did not occur 
spontaneously but could be elicited by exertion or excitement Smith 
and Moody," in studying a patient who gave a history of paroxysmal 
cardiac attacks, were able to evoke short paroxysms of fibrillation dur- 
ing the expiratory phases of forced breathing Recently, Wedd ® has 
leported a case in which coarse wave fibrillation was present when the 
patient entered the hospital, but on the following day many paroxysms 
of auricular fibrillation, some of which were extremely fleeting, occurred 

From the cardiographic department of the medical division, University 
Hospital, and the William Pepper Laboratory of Clinical Medicine, University of 
Pennsylvania School of Medicine 

1 Semerau, M Ueber Ruckbildung der Arhythmia Perpetua, Deutsch 
Arch f klin Med 126 161 (May 24) 1918 

2 Smith, F M , and Moody, W B The Induction of Premature Contrac- 
tions and Auricular Fibrillation by Forced Breathing, Arch Int Med 32 192 
(Aug) 1923 

3 Wedd, A M Clinical Auricular Flutter, Ann Clin Med 3 69 (July) 

1924 
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In Wedd’s patient, following the use of quinidin several fleeting 
paroxysms of auricular flutter also were recorded 

A case we have recently studied is of interest on account of the 
remarkable brevity, general similarity to each other and rapid recurrence 
of paroxysms A number were recorded sufficient to afford an oppor- 
tunity of making observations on the mode of onset of fibrillation, com- 
parisons of the course of the excitatory process in various paroxysms, 
the mode of offset and the duration of “postundulatory” pauses 

The extreme brevity and rapid recurrence of paroxysms in the 
case to be reported, resembling the behavior of intermittent auricular 
flutter, which I have recently described,^ and intermittent paroxysmal 
auricular tachycardia, described by Kure and Sakai ® and others, has 
suggested that the name intermittent auricular fibrillation be reserved 
for this condition The name has been used by some writers, rather 
unhappily, to apply to the ordinal y clinical forms of paioxvsmal 
auricular fibrillation 

The patient was referred for electrocardiographic study by Dr 
Hobart A Hare, to whom I am indebted for the privilege of reporting 
the case 

REPORT OF CASE 

T S , a robust, healthy looking man, aged 56, had been seen by Dr Hare from 
time to time during a number of years because of hypertension No arrhythmia 
had been noted by Dr Hare prior to June 11, 1924, when marked irregularity of 
the cardiac action was found The examination was otherwise essentially negative 
except for marked diminution of the pulse in the right brachial, radial and carotid 
arteries It was suspected that this was caused by some lesion of the aorta or 
innominate artery, possibly aneurysm, although no direct evidence of aneurysm 
could be obtained either clinically or by roentgen ray There was no evidence of 
syphilis 

The electrocardiograms of June 11 are shown in Figures 1 and 2 Frequent 
premature auricular beats which occur irregularly are found Some of the prema- 
ture beats are isolated but others are followed by fibrillary after-effects of varying 
lengths, represented in the tracings by one up to ten irregular auricular oscillations 
and lasting from a fraction of a second to over two seconds The ma 3 ority of 
the after-effects are represented by four or five waves and have a duration of 
about one and one-half seconds Their intermittent distribution and rapid recur- 
rence are shown in the tracings According to Dr Hare’s observation, this special 
form of arrhythmia must have lasted for a number of days The lack of regu- 
larity in shape and time relations of the oscillations indicates that these disturbances 
of rhythm must be due to auricular fibrillation as they are far too irregular to be 
regarded as forms of so-called “impure” flutter 

The patient was sent back for another tracing June 21, and at this time there 
was found continuous fibrillation Several tracings have been made since that 


4 Wolferth, C C Intermittent (Impure) Auricular Flutter, with Special 
Reference to Onsets and Offsets of Paroxysms and the Effects of Vagus Stimula- 
tion, Arch Int Med 35 42 (Jan ) 1925 

5 Kure, K , and Sakai, S Em Fall von intermittierend Auftreten der 
heterotoper Yorhofstachysystolie, Deutsch Arch f klin Med 140 67 (July 25) 
1922 
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time, the last on Dec 4, 1924, all of which have shown continuous fibrillation 
Cardiac compensation has been fairlj well maintained in spite of several anginal 
attacks and the patient has carried on Ins usual work as a lawyer 

The continued lepetition of fleeting paroxysms of auricular fibrilla- 
tion observed during the first examination must be attiibuted to a 
peculiar functional state of the auricular muscle The celerity with 
which the disturbances followed one another indicates that the muscle 
was in an advanced stage of what Garrey ® has called the “fibrillary 
state ” Equally important for the production of such a form of 
arrhythmia was the fact that none of the disturbances were able to 
perpetuate themselves Some time in the ten days intervening between 
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Fig 1 — Several isolated premature auricular beats m Lead II, characteristic 
alternation of sinus rhythm and short paroxysms of auricular fibrillation, similarity 
of auricular portions of curves, a brief paroxysm in the left hand corner of 
bottom strip Only those paroxysms ending alike (after the fifth auricular 
oscillation) have postundulatory pauses of similar length 




/ 



Fig 2 — Isolated premature auricular beats in Lead III , one extremely brief 
paroxysm, one of intermediate length, and the longest one recorded 

the filst and the second examination, a change must have occuried in the 
properties of the auiicular muscle whereby it became possible finally for 
a paroxysm to be extended indefinitely into continuous oi chronic 
fibrillation 

The couise of events observed in this patient emphasizes shaiply the 
fact that such alterations m functional properties of cardiac muscle, 
winch make easy the spontaneous entrance of auricular fibnllation, are 
not exactly identical with the conditions that permit of the continuance 

6 Garrey, W E Auricular Fibrillation, Phvsiological Rev 4 215 (April) 

1924 
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of fibrillation Normal heart muscle, if we may judge fiom experi- 
mental evidence, does not permit auricular fibrillation to perpetuate 
Itself long, although theie are wide individual vaiiations in the lengths 
of paroxysms When heart muscle is altered to the fibrillary state, the 
form of arrhythmia (paroxysmal oi chronic) will depend on either 
preservation or loss of ability to terminate fibrillation spontaneously 
Clinical observation appears to indicate that in many cases the first onset 
of fibrillation continues as chronic fibrillation In such cases what 
might be called the functional capacity of terminating fibrillation is lost 
coincidently with, or possibly even before, the development of the 
fibrillary state 

Whether or not in our case the lemarkable brevity of paroxysms in 
spite of the highly fibrillary state indicated tempoiary preservation of 
a normal type of reaction or was due to some accidental disarrangement 
in the mechanism that ordinarily maintains fibrillation m certain damaged 
hearts, the data do not permit us to say In two cases of intermittent 
auricular flutter, I was able to present evidence in explanation of the 
brevity of paroxysms ^ Although the mechanism differed somewhat in 
the two cases, the termination of flutter in both was due to failure of the 
excitatory process to elect a path in which equihbiium could be estab- 
lished between the rate of propagation of the impulse and the duration of 
the refractory phase Possibly an analogous explanation might account 
for the brevity of paroxysms in our present case, but the curves in 
fibi illation are so irregular as to make analysis impossible 

MODE OF ONSET 

Gariey® states that auiicular fibrillation may aiise fiom a noimal 
impulse from the sinus region or any other impulse, no matter where 
it originates In the clinical instances previously reported, nearly all 
onsets recorded were initiated through piemature auricular beats I 
have recently called attention to a similar role of premature auricular 
beats in exciting paroxysms of auricular fluttei ^ That clinical fibrilla- 
tion may take its origin directly from a sinus beat has been shown 
clearly in a tracing published by Semerau In Semerau’s case, fibril- 
lation had been momentarily interrupted by vagus stimulation, and on 
its resumption was initiated by a sinus beat 

In our case premature auricular beats were concerned in the onsets 
of all paroxysms recorded Except for the after-effect of fibrillation, 
they appeared identical in all respects with the numerous isolated prema- 
ture beats They all bore a close enough relationship to preceding beats 
to suggest coupling, but the lengths of the periods varied from 04 to 
0 46 second Whether these extrasystoles be regarded as the direct excit- 
ing cause of the fibrillation or as an intermediate bridge from the 
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preceding sinus beat depends on one's attitude towaid the unproved 
view that extrasystoles are ciicus conti actions The point of practical 
importance is that auricular exti asystoles may and usually do play a 
highly conspicuous role m the initiation of auricular fibrillation pro- 
vided the fibiillary state is present 

PATH OF THE EXCITATORY PROCESS 

Examination of the auricular poition of the curve in any of the 
paroxysms recoided appears to indicate an irregular, haphazaid course 
of the auricular excitatory process, manifested by markedly irregular 
spacing and lack of uniformity in shape of the waves Such a cuive 
cannot be interpreted otherwise than as auricular fibrillation Neverthe- 
less, if all the paroxysms lecoided in Figure 1 are compared, it is found 
that there is a remarkable similarity among them They show significant 
variation in lengths of paioxysms only So fai as each one continues, the 
apparently irregular auiicular curves can be practically superimposed on 
one another Measurements of intervals between summits of waves 
vary by only slight difierences For example, in Figure 1, Stiips 1 
and 2, measuiements of successive mteivals between the first six sum- 
mits, beginning with the normal P waves, are 0 41, 0 26, 0 37, 0 18, 
0 22 (total 144) seconds, 042, 026, 0 36, 0 20, 0 21 (total 145) 
seconds , 0 42, 0 26, 0 36, 0 19, 0 22 (total 1 45) seconds, and 0 43, 0 25, 
0 36, 018, 0 22 (total 144) seconds, lespectively A similar relation- 
ship IS also found among all the paroxysms recoided in Leads I and III 
We are therefore justified in assuming that m spite of the apparent 
irregularity of the excitatory process, it does not wander haphazard 
but proceeds in a definite manner over a somewhat devious but identical 
course so far at least as these brief paroxysms can be compaied 

Identity of auriculai behavior among paroxysms of auricular fibrilla- 
tion has not been demonstiated previously Lewis, Drury and Iliescu,'^ 
in discussing clinical fibrillation, have called attention, however, to the 
fact that there appears to be a definite channel for which the central 
excitation wave shows a predilection , that sometimes it is forced out of 
this channel, but that, if this happens, the wave soon returns to its old 
path, repeating its old course and m the original direction Lewis has 
repeatedly championed the view that m clinical fibi illation there is a 
single central excitation wave circulating in the auricular muscle Such 
precisely circumscribed movements as occuiied in our case could scarcely 
be explained without assuming the presence of a single central excitation 
wave 

7 Lewis, T , Drury, A N , and Ihescu, C C A Demonstration of Circus 
Movement in Clinical Fibrillation of the Auricles, Heart 8 379 (Aug ) 1921 
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OFFSETS OF FIBRILLATION AND “pOSTUNDULATORY” PAUSES 

The offsets, as m other lecorded offsets of auricular fibrillation, are 
abrupt Each was followed by a postundulatory pause This name 
was apparently coined by Gewiii ® to designate the pause after cessation 
of expenmental fibrillation before resumption of normal sinus beating 
Such pauses had been noted following delirium cordis by Hoffa and 
Ludwig® as early as 1850 A¥interberg^° regarded them as analogous 
to the pauses after auricular extrasystoles Semerau ^ mentions their 
occurrence in his cases of clinical fibrillation 

Garrey ® has recently stated that a fibrillary beat may be initiated 
from the normal pacemaker and the impulse shuttle back and forth 
through auricular muscle producing rapid oscillations which may stop 
before the next impulse arises so that the normal rhythm is not dis- 
turbed in the least and there is no postundulatory pause 

In the condition mentioned by Garrey, the fibi illary wave presumably 
does not return to the sinus node In longer paroxysms of auricular 
fibrillation, the centrifugal wave doubtless reaches the pacemaker as well 
as all other parts of the auricles so that, following the last stimulation 
of the pacemaker in this manner, time approximate to that of a normal 
cycle is required to build up and discharge an impulse In Figure 1 the 
time of a normal cycle is approximately 0 82 second, and measurements 
from summits of isolated premature beats to summits of the next normal 
P waves vary from 0 99 to 1 01 seconds, indicating the presence of 
postextrasystohc pauses Unfortunately, the curves do not permit of 
accurate measurements of postundulatory pauses, because ending of 
fibrillation is not sharply enough defined, but in the three paioxysms in 
Lead I that end similarly measurements from the summits of the last 
fibrillary waves to the summits of the following P waves are 1, 1 03 and 
101 seconds, respectively, these coi respond closely in time with the 
postextrasystohc pauses All other postundulatory pauses are apparently 
shorter, varying from 0 79 to 0 88 second It is of interest that even 
the most abortive manifestations of fibrillation, having a duration only a 
fraction of the length of a normal cycle, aie followed by postundulatory 
pauses (Fig 2) 

Our measurements appear to indicate a wide variability in duration 
of the postundulatory pause The variation may be more apparent than 

8 Gewin, J Das Flimmern des Herzens, Arch f Anat ti Physiol (Physiol 
Section) 247, 1906 

9 Hoffa and Ludwig, quoted from Winterberg, H Studien uber Herzflim- 
mern, HI, Alitteilung uber das Wesen der postundulatorische Pause, Arch f d 
ges Physiol 128 471 (July 10) 1909 

10 Winterberg (Footnote 9) 



WOLFERIH— AURICULAR FIBRILLATION 


741 


leal Had we been able to determine the exact time of the last stimu- 
lation of the pacemakei dining each paroxysm and measured from that 
point to the succeeding P wave, possibly a more constant relationship 
would have manifested itself 

CLINICAL SIGNIFICANCE 

In general, paroxysmal forms of auricular fibrillation appear to be 
an earlier clinical manifestation occurring in less damaged hearts than 
continuous fibrillation With few exceptions, the etiology of the two 
conditions is identical and patients that show recurring paroxysms are 
to be expected finally to develop continuous fibrillation unless the cause 
of the arrhythmia is controlled 

Continuous fibrillation does not occur in healthy hearts nor apparently 
very often in slightly damaged hearts Paroxysmal or transient fibrilla- 
tion sometimes occurs in hearts not so seriously damaged and occasionally 
in apparently healthy hearts that have been subjected to some temporary 
insult A case has been repoited by Robinson m which transient 
fibrillation followed the inhalation of hydrogen sulphid, although no 
evidence of heart disease was discovered I have observed transient 
fibrillation in two patients with apparently healthy hearts, one a young 
man admitted to the University Hospital with virulent acute appendicitis 
and the other, also a young man, who had first indulged freely in 
alcoholic beverages of questionable purity and then engaged in friendly 
wrestling bouts 

The lack of data regarding intermittent fibrillation does not permit 
speaking with any degree of certainty as to its clinical significance The 
highly fibrillary state evidenced by the rapidly recurring paroxysms and 
the fact that our patient quickly developed continuous fibrillation sug- 
gests that the condition of the heart muscle is more closely related to 
that of continuous fibrillation th&z the ordinary clinical forms of 
paroxysmal fibrillation 

• SUMMARY 

In the case leported, on one examination a condition of fleeting, 
rapidly recurimg paroxysms of auricular fibrillation was found, and on 
all subsequent examinations, continuous fibrillation Attention is called 
to the fact that for the production of this peculiar form of paroxysmal 
arrhythmia the heart muscle must be not only in a highly fibrillary state, 
but also at the same time the functional properties of the muscle must be 
such as to preclude the perpetuation of any of the paroxysms 

11 Robinson, G C Transient Auricular Fibrillation in a Healthy Man 
Following Hydrogen Sulphid Poisoning, J A M A 66 1611 (May 20) 1916 
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Auricular extrasystoles were concerned in the onsets of all paroxysms 
of fibrillation lecorded This is the usual mode of entrance of clinical 
circus movement, although occasionally it may be initiated by a sinns 
beat 

Evidence is presented to show that an identical devious pathway was 
followed by the excitatory process in the various brief paroxysms 
lecorded This new observation proves that the excitator}'- process in 
auricular fibrillation may proceed, for a brief peiiod at least, according 
to plan and not in a haphazard manner, and is evidence of the fact that 
there may be but one central or mother wave and not a number of sep- 
arate fibrillary waves 

The offsets were abrupt and followed by postundulatory pauses of 
variable duration It is suggested that the chief factor in determining 
the position of the succeeding sinus beat is the time of subsidence of the 
fibrillary excitation m the normal pacemaker, with a relationship similar 
to that obtaining m the case of auiicular extrasystoles 

It IS suggested that the form of paroxysmal fibrillation described be 
called intermittent auricular fibrillation This condition is appaiently 
closely related to continuous or chronic fibrillation 



ROENTGEN-RAY TREATMENT OF THE SPLEEN 
IN ASTHMA BRONCHIALE 

PRELIMINARY REPORT 
GEORGE L WALDBOTT, MD 

DETROIT 

LYMPHATIC SYSTEM AND ANAPHYLAXIS 

The question whether or not bronchial asthma can be influenced by 
roentgen-ray treatment of the spleen is suggested by the following con- 
siderations There is a definite relationship of the lymphatic system, 
of which the spleen is one of the most important organs, to anaphylaxis 
Symmers ^ holds the view that anaphylaxis is the cause of sudden death 
in status thymicolymphaticus The enlargement of the thymus and the 
lymphatic tissue that is typical for this disease is regarded by Brown ^ 
as the expression of the abnormally sensitive reaction of the body to 
foreign proteins We also know that status thymicolymphaticus is fre- 
quently associated with anaphylactic diseases, such as urticaria, asthma, 
eczema, migraine, hay fever and spastic constipation ® On the other 
hand, in some of the anafjhylactic conditions changes in the blood picture 
are found which resemble very much those occurring in status thymico- 
lymphaticus, namely lymphocytosis and eosinophilia There is reason to 
believe that the calcium content of the blood is decreased in anaphylaxis 
as well as in status thymicolymphaticus,^ although definite proof is still 
lacking r 

Some authors ® maintain that the good results of thymus irradiation 
in thymic asthma ® are partially due to the stimulation of the lymphatic 
system exerted by this treatment, and not merely to the mechanical 
effect of the removal of the thymus tumor Whether the same reason- 

From the outpatient department of the Children’s Hospital of Michigan 

1 Symmers, D Status Lymphaticus, Am J M Sc 156 48 (July) 1918 

2 Brown, W L Principles of Internal Secretion, Brit M J 2 687 (Nov ) 

1920 

3 Henke, F Der jetrige Stand der Lehre vom Status thymicolymphati- 
cus und seine Beziehungen zu anderen Krankheiten, Deutsch med Wchnschr 
46 1257 (Nov) 1920 

4 Grove, W R , and Vines, H W C Calcium Deficiencies, Their Treat- 
ment by Parathyroid, Brit M J 1 791-795 (May) 1922 Pottenger, F M 
The Physiologic Basis for the Employment of Calcium in the Treatment of 
Asthma Paroxysms, Calif State J Med 21 293-294 (July) 1923 Novak, F J , 
and Hollander, A R A New Treatment for Hay-Fever Hyperesthetic 
Rhinitis, and Bronchial Asthma, Illinois M J 45 285 (April) 1924 

5 Chelmonski, A Zur Pathogenese des Asthma Bronchiale, Deutsch 
Arch f klin Med 105 522, 1912 Klewitz, D F Roentgenbestrahlung bei 
Asthma Bronchiale, Munchen med Wchnschr 69 305-306 (March) 1922 

6 Morgan, H J , and Dachtler, H W Thymic Asthma Successfully 
Treated by X-Ray^s, Surg, Gynec & Obst 19 784, 1914 
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mg may be applied to the explanation of the great benefit from roentgen- 
ray treatment of the hilum glands in asthma is a question that has not 
yet received the necessary attention in literature 

SPLEEN AND ANAPPIYLAXIS 

Expel imental Ev-idencc — In regard to the part that the spleen takes 
m anaphylaxis, the work so far reported indicates that the spleen partici- 
pates in the production of antibodies This is demonstrated by the 
following facts Antibodies are detected m the spleen earlier than in 
the blood Antigens have been found localized in the spleen ® Cultures 
of splenic tissue outside the body may produce antibodies in the pres- 
ence of antigenic substances ® The concentration of antibodies in the 
spleen is greater than in the blood 

In recent years Hektoen showed that removal of the spleen reduces 
the power of an animal to produce antibodies, whereas irradiation of 
the spleen seems to increase the antibody titer of the blood Moto- 
hashi confirms the results of Hektoen in regard to splenectomy 

Chmcal Evidence — This idea of Hektoen of stimulating the anti- 
body production by means of roentgen-ray treatment of the spleen was 
used as the basis for some clinical studies on a small numbei of asthma 
patients during the last winter Most of these patients are definitely 
improved Owing to the short time that has elapsed since the beginning 
of the treatment, the details will be given m a later paper One case, 
however, shows such a marked improvement that it justifies a presenta- 
tion of a detailed account 

Moreover, fuither support is given to this means of tieatment by 
some German authors,^^ who reported the following results on seventy- 
one treated cases of bronchial asthma questionable, ten, negative, 
seven, good, fifteen, very good, twelve, and splendid, twenty-seven 

7 Tsurumi, M , and Kohda, K The Origin of the Complement Fixating 
Antibodies, Ztschr f Immunitatsforsch u exper Therap 19 519-528, 1913 

8 Cary, W E The Fate of Foreign Erythrocytes Introduced into the 
Blood Stream of the Rabbit, J Infect Dis 17 432, 1915 Luckhardt, A B , and 
Becht, F C The Role of the Spleen in the Fixation of Antigen and the 
Formation of Antibodies, Tr Chicago Path Soc 8 202, 1911 

9 Carrel, A, and Ingebrigtsen, M Antibody Production by Living Tissue 
Outside the Organism, Compt rend Soc dc biol 72 220, 1912 

10 Jatta Ztschr f Hyg u Infectionskrankh 33 185, 1900 

11 Hektoen, L Further Observations on the Effects of Roentgenization 
and Splenectomy upon the Production of Antibodies, J Infect Dis 27 23-30 
(July) 1920 

12 Motohashi, S The Effect of Splenectomy upon the Production of Anti- 
bodies, J M Res 43 473 (Aug -Oct ) 1922 

13 Grocdel, F M , and Lessen, H Die Rontgenbehandlung des Asthma 
bronchiale, reprint of chapter from Salzmann, F Die Roentgenbchandlung 
innerer Krankheiten, Munich, J F Lehmann, 1922 
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Pohlman,^^ following Groeders work, states that he treated fort} -five 
cases of asthma, among which only four did not respond to treatment 
All others showed distinct improvement None of the cases of Pohl- 
man or of Groedel has been studied clinically 

REPORT OF CASE 

History — H D , a white American boy, aged years, was admitted to the 
outpatient department of the Children’s Hospital, Sept 22, 1924, on account 
of asthma Two brothers and one sister were in perfect health, and no 
anaphylactic disease could be traced in the family The child’s history 
recorded pneumonia about two years before admission, and among the 
usual children’s diseases, chickenpox and measles The boy had severe urticaria 
three times, the last time one year before Nearly every fall he had considerable 
discharge from the nose and was troubled with sneezing 

The first asthma attack dated back four years , the attacks had become more 
severe and more frequent, recently occurring as often as once in one or two 
weeks In the evenings as a usual thing the child suddenly became dyspneic 
and cyanotic, and manj wheezing noises were heard The attack usually lasted 
from one to two hours No vomiting occurred It could not be found from 
the history w'hether food allergy or exposure to any anaphylactogen substance 
produced the seizures The boy did not observe any special regulations in his 
diet, he disliked milk There was no dog or cat in his home He did not 
sleep in a feather bed In regard to bacterial anaphylaxis, there was no tonsil- 
litis and no sinusitis A few cavities of the teeth had been noticed during 
recent months 

Examination — Physical examination made in an interval between attacks 
revealed a well nourished, very active boy, who was slightly orthopneic The 
skin and mucous membranes showed a good color, no cyanosis being present 
A slight dermatographismus was noticeable A few not sensitive sub- 
maxillary glands were felt The eyes, the ears and the sinuses were 
negative The nose showed a considerable watery discharge The tongue 
was not coated, the teeth were somewhat ground down and showed a 
^ few cavities The tonsils were not enlarged but were somewhat adherent, 
no pus could be expressed The chest suggested a slight barrel shape, the 
excursions were somewhat embarrassed The heart dulness was small 3 S cm 
to the left in the fifth interspace and 0 5 cm to the right in the third interspace 
The sounds were clear though slightly distant, the pulse was regular, full and 
of normal pressure (112 systolic, 83 diastolic) The lungs showed hyper- 
resonance throughout, the bases descended fairly well, expirium was prolonged, 
and there were a few bronchitic bruits, especially around the hilum region, 
but no wheezing sounds The abdomen, spleen, liver, extremities, genitalia and 
nervous system did not reveal anything unusual 

Laboratoiy Findings — ^The urine was negative for albumin and sugar and 
on microscopic examination the red blood cells totaled 4,390,000 , the white 
blood cells, 7,800, hemoglobin, 87 per cent , polymorphonuclears, 45 per cent , 
small lymphocytes, 47 per cent , large lymphocytes, 4 per cent , and eosinophils, 
4 per cent The Wassermann reaction was negative The blood calcium was 
8 5 mg The sputum expectorated during an attack and examined m my office 
showed many eosinophil cells and Charcot-Leyden crystals 

Among the skin tests done we found milk -f- , casein , eggs, whole, 

-f , and wheat -j- Other tests were negative 

Roentgen-ray examination disclosed a congenital deformity of the third 
right nb on the sternal portion The lungs showed extensive bilateral root 
infiltration with a tendency to extend along the bronchi 


14 Pohlman, C Milzebestrahlung bei Bronchial Asthma, Munchen med 
Wchnschr 72 57-58 (Jan ) 1925 
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Com sc of Disease — September 25, the child received one roentgen-ray treat- 
ment of the spleen from Dr Evans, with the following technic 6 minutes, 
5 milliamperes, 4 mm Al, 88 kilowatts, 10 inch skin target distance He was 
told to observe antianaphylactic diet for two weeks and then no longer to 
restrict his diet October 2, he felt very much prostrated, vomited a few times 
and was slightly dyspneic October 25, examination of the chest was com- 
pletely negative On physical examination, however, no change in the roent- 
gen-ray findings was seen During the winter months the child had slight 
bronchitis twice, lasting from two to five days, this cleared up spontaneously 
There was not a single attack of asthma after the treatment 

Examination of the chest. May 20, 1925, showed no cyanosis and no 
orthopnea Expirium was not prolonged, there was no tympany, and no rales 
or bruits were heard The heart dulness was normal The red blood cells 
totaled 5,200,000, the white blood cells, 9,400, hemoglobin, 100 per cent , poly- 
morphonuclears, 71, small lymphocytes, 29, large lymphocytes, 8, and eosin- 
ophils, 2 The blood calcium was 15 4 The formerly positive skin tests were 
negative The sputum examination was negative for tuberculosis, eosinophils, 
Curschmann spirals and Leyden crystals There was no change in the roentgen- 
ray findings 


COMMENT 

The diagnosis asthma bronchiale on an anaphylactic basis does not 
need any further comment in view of the typical history, of the physical, 
laboratory and loentgen-ray findings and of the skin tests The strik- 
ing feature of this case is the complete cessation of the apparently very 
severe and frequent asthma attacks during eight months’ observation 
It IS to be noted that the blood calcium rose slightly, the eosinophil 
cells decreased and the skin tests became negative, while the root infil- 
tration in the roentgenogram did not change on repeated examinations 
after the treatment It cannot yet be stated whether the effect of this 
treatment was due to the psychic influence, as fiequently happens in this « 
disease, or whether it conformed with the previously mentioned con- 
ception that a stimulation dose of roentgen ray of the spleen may 
increase the antibody content of the organism However, similar exper- 
iences with other cases seem to indicate that the skin tests become nega- 
tive within about one week after the treatment Perhaps the prostration 
and nausea, which came on seren days later in the foregoing case, may 
be the mam curative factor Further expenmental and clinical studies 
on this subject are being earned out at present 

SUMMARY 

One patient with asthma bronchiale treated with a small dose of 
roentgen ray over the spleen has been entirely relieved fiom the clinical 
manifestations of this disease The quoted literature, as well as the 
favorable results obtained on subsequent cases, call for further investi- 
gation in this matter 


605 Basso Building 



THE NONSPECIFIC PROTEIN REACTION -> 


FLORENCE B SEIBERT, PhD 

CHICAGO 

A recent senes of articles ^ in the Archives of Internal Medicine 
merits considerable comment and criticism Ling attempts to ‘‘study 
comparatively the influence of various nonspecific protein agents on the 
reactive temperatuie, on the mobilization of peripheral blood 

leukocytes, antibodies and enzymes ” With the crude mix- 

tures — horse serum, milk, peptone, vaccines, yeast, crotalm — used by 
him it IS obvious that the results obtained cannot be arbitrarily saddled 
on any one constituent, and also that any attempt to evaluate the lesults 
quantitatively is useless 

Ling admits in his ai tide that distilled water produces similar reac- 
tions to those produced by the protein mixtures It was shown in a 
series of articles^ in the Ameiican Jownal of Physiology that dis- 
tilled water, even if it has been sterilized, is capable of producing 
considerable fever when injected intravenously, and this is because the 
water had at some time been contaminated by bacteiia cairied to it by 
dust in the air or in some other way These bacteria are able to sui vive 
and m fact reproduce in this piesumably pure water and may be found 
in a viable state two months and moie aftei the initial inoculation 
They themselves may be killed duiing sterilization but a soluble product 
which they have pioduced during their lifetime and which filters 
through the Berkefeld candle is heat stable and remains in the sterile 
water It is this product, so far unidentified but containing nitrogen, 
which IS responsible for the feveis produced when the waters are 
injected The only method so far outlined for removing the fever 
producing mateiial from watei is by distillation If, however, the 
distillate IS steiilized immediately, it can be kept indefinitely in its pure 
state The type and intensity of the fevei may be vaiied m a quantita- 
tive manner, according to how much of the bacteiial products and what 
bacterial products are injected 

From the Department of Pathology and the Otho S A Sprague Alemonal 
Institute, University of Chicago 

1 Ling, C Y Mechanism of Reaction of Nonspecific Protein Agents in 
Treatment of Disease, I, Influence of Various Agents on Temperature and Leuko- 
cyte Counts in Normal Persons and in Rabbits, Arch Int Med 35 S98-608 
(May) 1925, II, Influence of Various Agents m Mobilization of Blood Anti- 
bodies, ibid 35 740-751 (June) 1925 

2 Seibert, F B, and Mendel, L B Temperature Variations in Rabbits, 
Am J Physiol 67 83-89 (Dec ) 1923 Seibert, F B Fever Producing Sub- 
stance Found in Some Distilled Waters, ibid 67 90-104 (Dec) 1923, Protein 
Fevers, ibid 67 105-23 (Dec ) 1923, Cause of Many Febrile Reactions Follow- 
ing Intravenous Injections, ibid 71 621-651 (Feb ) 1925 
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Moreover, specific antibodies were produced by immunizing rabbits 
with one of the contaminated distilled waters to such an extent that 
serum diluted 1 8,000 agglutinated a strain of bacteria isolated from 
the water 

In connection with the study of protein fevers, it was shown that 
casein when prepared m such a manner as to eliminate bactenal con- 
tamination did not produce fever when injected into rabbits, whereas all 
caseins prepared in the usual manner did produce fever Whether or 
not It IS the protein of the bacteria contaminating the distilled waters 
that IS responsible for the temperature reactions is still an open question, 
but the presence of nitrogen in the fever producing waters has been 
demonstrated 

Therefore, in view of these clearly established facts, one cannot 
evaluate the nonspecific effect of such mixtures as horse serum, milk, 
peptone, vaccines, yeast, etc, and expect similar results with different 
prepaiations of the same substance The results obtained may possibly 
be due to contaminating substances and not at all to the agent specified 

Ling’s statement that "Bacillus typhosus, peptone and market milk 
gave the most prompt initial temperature leaction, while that produced 
by market milk seemed to persist longer than that of other agents” 
may possibly find an interpretation m the fact that different bacteria 
among the large group that contaminates water vaiy m just this manner 
m the reactions produced by them 



Book Reviews 


Pathogenic des calculs biliaiues et indications operatoires By Thorkild 
Rovsing Price, 20 francs Pans Masson & Cie 

This work originally appeared in Danish in 1922, and this French translation 
IS made for the purpose of giving the theories of the author wider publicity 
It is frankly a piece of special pleading and as such is ably done, but can 
hardly be said to be a fair or systematic review of our knowledge of the 
pathogenesis of gallstones 

The first part of the book is taken up with a critique of the studies of 
Naunyn and his collaborators on the role of infection in the production of 
calculi Rovsing is unable to accept any theory that sepsis or biliary stasis 
are etiologic factors, mainly for the reason that no adequate experimental 
basis can be offered for this theory Enterogenous infection is mainly dis- 
cussed and no mention is made of the work of Rosenow m the production 
of calculi by the intravenous injection of bacteria 

Aschoff and his school have done a tremendous work on the role of choles- 
terol in stone production This is reviewed and also found wanting The word 
diathesis is used frequently, but the recent discoveries of the chemists in 
relation to lipoid metabolism are ignored 

Rovsing’s theory is that in many toxemias there is a deposition in the 
liver of minute particles of a calcium compound of bilihumm These particles 
are exceedingly irregular and branched and hence readily clump They can 
be demonstrated microscopically m the liver and in the bile in pregnancy and 
in acute toxemias of diverse origin Most of these pass out into the bowel 
but some find their way into the gallbladder, where they accumulate in the 
fundus as they are heavy As the bile is concentrated in the gallbladder by 
the absorption of water they are surrounded with deposits of other biliary 
elements, chiefly cholesterol There is a network of protein derived from mucus 
or blood in most stones Therefore, infection stasis or cholesterol are not 
factors at all This theory is elaborately worked out and much evidence in 
its support produced However, it cannot be said to be any more definitely 
proved than the ones discussed earlier in the book 

It IS singular that the book treats mostly of stones as isolated phenomena, 
and not of gallbladder disease as a whole Perhaps more might be gained from 
the study of gallbladders than of the stones they contain McCarthy’s work 
on this subject is not mentioned 

Medicaments et medications cardiaques Par H Vaquez Logons recueillies 
par M Theodoresco Pp 302 Pans J B Bailliere et fils, 1925 

This volume consists of a series of lectures on the treatment of heart 
disease by Vaquez, designed for his students and edited by Theodoresco The 
first half of the volume is given over to a discussion of cardiac remedies, 
especially digitalis and its allies It is pleasing to find that the author has 
seen fit to give as much of the historical background as he has This is 
especially true in the case of digitalis An understanding of what was accom- 
plished by the clinical observations of the earlier investigators should make 
US' all properly humble This is especially true of Withering, who worked 
without the recorded experience of others, having only his own observation 
and deduction to guide him 

After the chapter on the history of digitalis, the drug is taken up m detail. 
Its physiologic action, indications for its use, method of using and dosage 
The preparations of strophanthus, especially ouabain, receive more attention 
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than in American texts Quinidin is given a full chapter Under the heading 
of “Minor Cardiac Remedies” a large number of drugs little used here are 
considered The pharmacology does not always coincide with the generally 
held American and English views, and there is more of therapeutic optimism 
that IS usual in English and American works The differences in point of view, 
however, cannot be other than stimulating 

The second half of the volume is taken up with the treatment of cardiac 
conditions, beginning with a chapter on the hygiene of the cardiac patient, 
under which are included exercise, diet, and such questions as marriage, 
military service and anesthesia Then follow chapters on the treatment of 
the various cardiac disorders 

It IS a decided advantage, in view of the wideness of the field of cardiac 
knowledge, to have a volume devoted to treatment only The manner of 
approach, the clear diction, and the availability afforded by the systematic 
arrangement add to the value The author is to well known to make necessary 
any comment on the scientific worth of the work It is unfortunate that a 
reading knowledge of French is not general enough to make books of this 
kind more generally known and used, or that unedited translations are not 
more frequent 

LeS VAISSEAUX LYMFHATIQUES DU COEUR CHIZ l’HOMME ET CHEZ QUELQUES 

MAMMiEERES By Otto C Aagaard, Aiicicn Chef de Clinique Chirurgicale 
a la Faculte de Copenhaguc Pp 478, 152 illustrations Copenhagen 
Levin & Munksgaard 

This well written and beautifully illustrated monograph is based partly on 
the literature and partly on the author’s own work About 200 human hearts 
were used in this study and comparative observations were made on hearts 
of other mammals The lymphatics were rendered visible by the injection 
method Many illustrations of historical interest are reproduced 

The monograph is purely anatomic and was presented to the faculty of 
medicine as a thesis for the degree of doctor of medicine If this monograph 
IS the type of scholarly requirements for the degree of doctor of medicine m 
Denmark, that little country has apparently something to teach us m this 
direction It is to be regretted that the monograph is so exclusively anatomic 
It would have been more valuable if the problems on the significance of the 
heart lymphatic system in the various conditions of heart disorders also had 
been considered It is apparently well established from this work of Aagaard 
and from that of others that all regions of the heart, including the endo- 
cardium and the epicardium, are richly supplied with lymphatics In man the 
lymphatic supply is richer in the myocardium of the ventricles than in the 
myocardium of the auricles 

The publication of the monograph in French renders it Ifess valuable to 
English speaking physiologists and internists interested in cardiovascular 
physiology and pathology than it would be if written in English There is a 
short resume in Danish, but no index 
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THE ANTIGENIC PROPERTY OF POLLENS + 

HARRY L HUBER, MD 

AND 

KARL K KOESSLER, MD 

CHICAGO 

Since Wolff-Eisnei ^ suggested in 1906 that the sjnnptoms of pollen 
disease lesemble the phenomena of experimental anaphylaxis, the rela- 
tionship of these conditions has been extensively studied clinically and 
experimentally Soon after 1906 Billaid and Maltet,^ Meltzei ^ and 
Billard ^ suggested that there weie certain clinical and laboratory 
similaiities of these conditions, while many otheis submitted experi- 
mental evidence to suppoit this view Dunbar,® Koessler,® Heyl,^ 
Alexandei,® Hairison and Aimstrong® and Parkei leported the 
demonstration of severe oi fatal anaphylactic symptoms following the 
injection of pollen extracts into specifically sensitized guinea-pigs 
Parker, using the uterine strip method, demonstrated that active sensi- 
tization of guinea-pigs with pollen extracts can be accomplished, an 
observation that was to be anticipated consideiing the protein content 
of pollens Dunbar, Koesslei and Alexandei repoited successful passive 
sensitization of noimal guinea-pigs by injecting into them the blood 
seium of patients sufteiing fiom pollen disease or of guinea-pigs 
sensitized with pollen extracts Theie also are numeious clinical reports 

' From the Otho S A Sprague Memorial Institute and the Department of 
Pathology, University of Chicago 

A preliminary report of this paper was given at the meeting of the 
American Association for the Study of Allergy, Chicago, 1924 

1 Wolff-Eisner Das Heufieber, Munchen, 1906 

2 Billard G, and Maltet L J de physiol et de path gen, 1907, p 304 

3 Meltzer, S J J A M A 55 1021 (Sept 17) 1910 

4 Billard, G Lancet, 1910, pp 179, 1208 

5 Dunbar, W P Deutsch med Wchnschr 37 578, 1911 

6 Koessler, K K Forchheiiner’s Therapeusis of Internal Diseases 5 6, 

1914 • 

7 Heyl, F W Tr Am Chem Soc 39 1470, 1917 

8 Alexander, ME J Immunol 8 457 (Nov ) 1923 

9 Harrison, W T , and Armstrong, C Pub Health Rep 39 1261 (May 
30) 1924 

10 Parker, Julia T Proc Soe Exper Biol & Med 18 237, 1920-1921, 
J Immunol 9 SIS (Nov ) 1924 

11 Parker (Footnote 10, first reference) 
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of more or less severe anaphylactic-hke symptoms m man following the 
prophylactic use of small doses of pollen preparations 

On the other hand, Cooke, Flood and Coca^^ in well controlled 
experiments were not able to demonstrate definite anaphylactic phe- 
nomena, passive sensitization or the production of specific antibodies 
Because of this failure to show the antigenic property of pollen extracts, 
Cooke and his associates and Coca have attempted to rule pollen disease 
out of the category of anaphylactic phenomena Coca divided all 
cases of hypersensitiveness into two groups, the anaphylactic and the 
allergic, and places pollen disease under the alleigic group 

Zinsser recently stated his view of the question as follows 
“While therefore we must again call attention to the important differ- 
ence between true anaphylaxis and hay-fever because of the probable 
role of inheritance, we can also emphasize the many points of definite 
analogy between the two conditions ” 

In earhei studies of pollen disease we had observed that the sensiti- 
zation of guinea-pigs with pollen extracts was not easily accomplished 
Because of this observation and because of the conflicting reports in the 
literature we planned a series of experiments to study the antigenic 
properties of pollen extracts Our methods are given as developed 

PREPARATION OF POLLEN EXTRACTS 

The pollen extracts were all prepared in the same manner except 
for variations in sodium chlorid content and in ratio of pollen to 
extracting solution The dried pollens were weighed and placed in 
sterile thick walled bottles, which contained small irregular glass beads 
These bottles were then shaken in a shaking machine until the pollen 
grams were fairly completely macerated, as determined microscopically 
The macerated pollen was then extracted at room temperature in the 
shaking machine with a chloroform saturated 0 85 per cent sodium 
chlorid solution that contained 0 25 per cent sodium bicarbonate 
solution The ratio of dry pollen to extracting solution varied from 
1 10 to 1 30 depending on experimental needs 

After from twenty-four to thirty houis’ extraction, the solutions 
were allowed to settle, centrifugated at high speed, decanted, filtered 
through Berkefeld filters, and after sterility had been proved anaero- 
bically and aerobically were sealed in glass and kept in an icebox until 
used The nitrogen content of all extracts was determined by the 
Kjeldahl method 

12 Cooke, R. A , Flood, E P , and Coca, A F J Immunol 2 217 (Feb ) 
1917 

13 Coca, A F Tice Practice of Medicine 1 179, 1920 

14 Zinsser, H Infection and Resistance, Ed 3, pp 487-489 

15 Extract A used in the first experiment was extracted with 8 5 per cent 
sodium chlorid solution 
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ANAPHYLACTIC STUDIES 

The usual method used m demonstrating experimental anaphylaxis 
was employed Two extracts of the pollen of A7ub/ osia t) ifida (giant 
ragweed) were prepaied, A containing 8 5 per cent sodium chloiid 
solution, and 5 0 85 per cent sodium chlorid solution, both with the 
dilution of 1 gm of pollen to 10 cc of exti acting solution The 
nitrogen content of A was 1 61 mg per cubic centimeter and of B 
1 54 mg pel cubic centimeter 

Six guinea-pigs weighing fioni 150 to 500 gm weie injected intia- 
pentoneally with 1 cc of solution ^4 (1 61 mg of nitrogen) diluted to 
10 cc with water After an inteival of from eighteen to twenty-two 
days, from 5 to 10 c c of solution B (7 7=15 4 mg of nitiogen) 
waimed to body heat was injected intiapeiitoneally All the pigs showed 
varying degrees of such signs as restlessness, scratching of the nose 


Table 1 — Aonfatal Anaphylaxis m Gumca-Picjs ivith Pollen Extracts’’ 



i 




Date of 




Am- 

Wt, 

Date of 

Amount 


Shocking 

Amount 



mal 

Gm 

Injection 

Injected 


Injection 

Injected 


Results 

3 

450 

2/ 8/23 

f c c =1 61 mg 

N 

2/27/23 

5cc = 7 7 mg 

N 

Slight symptoms 

9 

420 

2llZlt23 

1 cc =0 80 mg 

N 

3/ 5/23 

10 cc =15 4 mg 

N 

Slight symptoms 

13 

460 

2/ 7/23 

1 cc =0 80 mg 

N 

2/26/23 

10 c c = 15 4 mg 

N 

Slight symptoms 

17 

500 

2/ 7/23 

05c c =0 80 mg 

N 

2/27/23 

5c e = 7 7 mg 

N 

Slight sjmptoms 


*■ Sensitizing and shocking aoses given intrapcritonealh Similar results neie obtained 
■with other pigs 


Table 2 — Nonfatal Anaphylaris m Gumca-Ptgs with Pollen Extiacts*' 


Date of 


Am- 

Wt, 

Date of 

Amount 


Shocking 

Amount 



mal 

Gm 

Injection 

Injected 


Injection 

Injected 


Results 

5 

430 

2/21/23 

1 c c = 1 61 mg 

N 

3/13/23 

1 c c = 1 54 mg 

N 

Slight symptoms 

11 

450 

2/21/23 

1 c c = 1 61 mg 

N 

3/13/23 

1 c c = 1 54 mg 

N 

Slight symptoms 

19 

300 

3/ 7/23 

1 c c =1 61 mg 

N 

3/26/23 

1 c c =1 54 mg 

N 

Slight symptoms 


* Sensiti7inir dose given mtraperitoneally, shocking dose given intracardially Similar 
results were obtained vith other pigs 


and ears, elevation of the hair on the neck and back, uimation, defeca- 
tion, etc , but no death occui i ed The normal pigs gave no evidence 
of a leaction (Table 1) 

Six additional pigs were given a sensitizing dose similar to that 
used before, and after an interval of fiom eighteen to twenty-two da}S 
were injected inti acardiall)'- with 1 cc of extiact B The results weie 
similar to those obtained in the first group No deaths occurred The 
noimal pigs gave no evidence of a leaction (Table 2) 

After these failuies to pioduce fatal experimental anaphylaxis with 
pollen extracts m guinea-pigs by the usual methods, we gave six } oung 
virgin guinea-pigs, weighing about 150 gm two oi thiee intiapentoneal 
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injections of fiom 2 to 3 cc of a fiesli pollen extiact (nitiogen, 132 
mg per cubic centimeter) at thiee day intervals and found that from 
eighteen to twenty-two days after the last injection typical contractions 
of the specifically sensitized uteri were obtained (Fig 1) We then 
sensitized twelve young guinea-pigs, weighing about 150 gm , by the 
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Fig 1 — Record of active anaphylaxis to Ambrosia tnfida (giant ragweed) 
pollen extract (uterine strip method) in gumea-pig 
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Fig 2 — Record of positive bronchoconstnction in sensitized guinea-pig 
after injection of Ambrosia tnfida (giant ragiveed) pollen extract 

same method and after eighteen or twenty days injected from 1 to 2 c c 
of the pollen extract intravenously with the following results Of six 
pigs that had received two sensitizing doses one died within eight 
minutes aftei receiving the injection, showing symptoms and postmortem 
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findings charactei istic of anaphylaxis, foui died before two hours with 
a gradually developing paial}'Sis, and one, although very sick foi a time, 
survived Of six pigs that had leceived three sensitizing doses, thiee 
died within eight minutes after receiving the injection and three died 
within two hours Of the twelve pigs, five died within eight minutes , 
SIX more died within two houis, and one pig survived Foui noimal 
pigs of the same lot gave no symptoms following an intravenous injec- 
tion of from 1 to 2 c c of the same pollen extract We next sensitized 
SIX pigs weighing about 250 gm by the same method and obtained in 
three pigs, after an intravenous injection of 1 c c of pollen extract, 
typical bronchoconstnctions as demonstrated by the graphic method 
reported m 1924 by Koessler and Lewis at the Buffalo meeting of the 
Association of Pathologists (Figs 2 and 3) Normal pigs gave no 
reaction by this method 



Fig 3 — Record of bronchoconstnction and typical anaphylaxis after injec- 
tion of Ambrosia trifida pollen 


As several reports of successful passive sensitization to pollens have 
appeared, we sensitized nine pigs by the method described above for 
this purpose Nine days following the last injection, the pigs were 
bled and the blood serum was transferred to an equal number of normal 
pigs These pigs were tested fiom twenty-four to forty-eight hours 
later by three methods (1) Three pigs were injected intravenously 
with 1 cc of pollen extiact and all were uncomfortable and restless 
for an hour or more and then appeared normal, (2) three virgin pigs 
were killed and their uteri gave typical, although model ate, contractions 
when tested with the pollen extract (Fig 4), and (3) two of three pigs 
gave moderate bronchial conti actions when injected intravenously with 
1 cc of pollen extiact 
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ANTIBODY PRODUCTION 

Foul labbits were given at three day intervals from twelve to 
twenty-five intravenous injections of Ambrosia tnfida (giant ragweed) 
pollen extract prepared as described above The first injection con- 
tained 0 5 mg of nitrogen, and each succeeding injection was increased 
so that the twelfth contained 3 5 mg of nitrogen This dose was 
continued until the termination of the experiment From five to six 
days aftei the last injection, the three surviving rabbits were bled and the 
serum tested for precipitms and complement fixating antibodies The 
serum from all immunized rabbits contained precipitms for the pollen 
extract (Table 4) and showed complete inhibition of hemolysis by the 
complement fixation test Normal rabbit seium gave negative results 
foi both tests 
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Fig 4 — Record of passive anaphylaxis to Ambrosia tnfida pollen extract, 
guinea-pig to gumea-pig (uterine strip method) 

SPECinCITY OF POLLENS 

In 1873 Blackley published the results of his extensive experiments 
to prove that pollens were the cause of the symptoms called “hay-fever” 
and that experimental contact showed a certain degree of specificity 
He says 

And I have also shown that, with very rare exceptions, this power is common, 
in some degree, to the pollen of almost all the plants experimented with And 
although those belonging to the order Graimnaceae have this property in a 
more marked degree than some, there are plants belonging to other orders 
which have it to almost, if not quite an equal extent 


16 Blacklej, C H Experimental Researches on the Cause and Nature of 
Ha 3 ’--Fever, 1873 



HUBER-KOESSLER— ANTIGENIC PROPERTY OF POLLENS 757 


Since Blaclcley’s time the question of specificity of pollen has been 
studied extensively, not only by obseiving the effect of experimental 
contact, but also by other methods, such as ophthalmic reactions, skin 
sensitization and therapeutic tests It is supposed that, if pollens from 
one member of a so-called group give a positive reaction m a sensitive 
person, all pollens from' that group should also give positive reactions 
legmdless of whether the siihject has ever had a previous contact with 
all of them Then, too, in discussions on the specific treatment of pollen 
disease it is commonly stated that extracts from any one pollen of a 


Table 3 — Fatal Anaphylaxis m Gutnea-Ptgs with Pollen Extracts-^ 







Date of 




Ani- 

Wt, 

Date of 

Amount 


Shocking 

Amount 


mal 

Gm 

Injection 

Injected 


Injection 

Injected 

Results 

1 

140 

12/20/23 

3 c c = 3 96 mg 

N 

1/ 7/24 

1 c c 

= 132 mg N 

Death in 26 minutes 



12/26/23 

3c c =3 96 mg 

N 




S 

150 

12/20/23 

3C.C =3 96 mg 

N 

1/10/24 

1 6 c c 

= 1 9Smg N 

Death in 20 minutes 



12/26/23 

3cc =3 96 mg 

N 




34 

310 

1/10/24 

2oc =2,64 mg 

N 

2/ 6/24 

1 5 c c 

= 1 9S mg N 

Death in 2 minutes 



1/14/24 

3 c C = 3 96 mg 

N 






1/17/24 

2c c =2 64 mg 

N 





35 

120 

1/14/24 

2 e c = 2.64 mg 

N 

2/ 7/24 

1 5 c c 

= 19Smg N 

Death in 2 minutes 



1/17/24 

2CC =2 64 mg 

N 




40 

180 

1/14/24 

3ec =2 96 mg 

N 

2/ 8/24 

2 c c 

= 2 64 mg N 

Death in 20 minutes 



1/17/24 

2c c =2 64 mg 

N 




41 

210 




3/ 7/24 

1 6 c c 

= 1 9Smg N 

No symptoms 

42 

200 




3/ 7/24 

1 6 c c 

= 1 9S mg N 

No symptoms 


* SensiUaJng doses given intraperitoneally, shocking doses intravenously Similar results 
were obtained with other pigs 


Table 4 — Production of Piecipitins with Pollen Extiacts in Rabbits* 




Number of Injections 








r 

A. 

. u 


Dilution of Pollen Extract 




Subcuta- 

Intrapen- 

Intra- 

<“• ■ — 





Rabbit 

Date 

neous 

toneal 

venous 

30 

60 

120 

240 

480 

2 

5/6/24 

0 

0 

0 



— 

— 

— 

— 

2 

8/7/24 

0 

0 

21 

+ + 

-H- 

+ 

_ 

— 

3 

5/6/24 

0 

0 

0 





— 

— 

— 

3 

8/7/24 

0 

0 

16 


+++ 


+ 

— 

4 

5/6/24 

0 

0 

0 

— 

— 

— 

— 

— 

4 

8/7/24 

2 

2 

12 

++ 

++ 

+ 

— 

— 

5 

8/7/24 

0 

0 

0 

— 

— 

— 

— 

— 


* Tested before and after injections 

group are as efficacious as those from another member of the same 
group The generally accepted explanation for this view is that the 
chief proteins of the pollens of a group are identical and that symptoms 
are produced by contact with that protein In support of this view, 
Wells and Osborne have definitely shown that, when tested anaphy- 
lactically, the chemical relationship of similar tissues of a group parallels 
the biologic relationship However, a critical study of many of the 

17 Wells, H G , and Osborne, T B J Infect Dis 12 341, 1913 , J Infect 
Dis 17 259, 1915 
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reports on pollen disease brings to light ceitain facts that cannot be 
disiegarded For instance, it has been observed that a certain percentage 
of all patients with pollen disease, tested in a routine manner with 
several pollens of a group, while reacting stiongly to one or moie of the 
pollens, react poorly or not at all to other pollens of the same group, 
and again that proph}' lactic tieatment with one pollen extract does not 
yield the same therapeutic results as that with an extract of anothei 
member of the same group 

In recent reports, especially by Selfridge,^® Watson and Kibler^® 
and Bernton,^® exception is taken to the unqualified acceptance of the 
view of group specificity They agree that a certain amount of spe- 
cificity exists, but contend that this conception does not explain satisfac- 
torily many observed irregularities Parker has recently presented 
some experimental evidence to show that a definite specificity exists tor 
the pollens of Ambi osia elatiot and Ambrosia tnfida 

With this question before us we began some studies over a year 
ago to learn more about the specificity of pollens We found it difficult 
to evaluate much of the work already reported, as each investigator used 
his own methods in preparing mateiials and m making clinical and 
experimental comparisons In our work we have used extracts of four 
of the common pollens, namely, Ambiosta fiifida (giant ragweed), 
Ambrosia elatior (small ragweed), Hehanthus aiinmis (sunflower) and 
Zea ‘mays (corn) collected by one of us (H LH ) in the fall of 1922 
An extract of each pollen was made by the method described above, and 
after the sterility was proved anaerobically and aeiobically the nitrogen 
content was determined by the Kjeldahl method With each pollen 
extract, six virgin guinea-pigs, about four weeks old and weighing not 
more than 150 gm , were given one mtiapeiitoneal injection containing 
about 1 5 mg of nitrogen Twenty or more days later, the pigs were 
killed by a blow over the head, the uterus was removed at once and 
immersed until used m a modified Locke’s solution which was kept at 
37 C and through which a constant stream of washed oxygen 
was bubbled The uterine strips were then tested by the Dale method 
with the nonspecific and specific extracts Dilutions up to 1 5,000 with 
a nitrogen content of about 0 002 mg per cubic centimeter, except as 
noted below, gave typical contractions as soon as the specific extract 
was added, while with the exception of the extract of Zea mays pollen 
much lower dilutions gave no leaction uith the normal uterine strip 

18 Selfndge, G Calif State J Med 17 106 (April) 1919, ibid 17 139 
(Maj) 1919 

19 Watson, S H, and Kibler, C S Etiology of Ha> -Fever in Arizona 
and Southwest, J A M A 78 719 (March 11) 1922 

20 Bernton, H Treatment of Seasonal Ha^ -Fever, and Possible Causes 
of Failure, J A M A 80 1301 (Ma 3 5) 1923 

21 Parker (Footnote 10, second reference) 
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When tested with the nonspecific extiact the sensitized uteri gave little 
or no 1 espouse, except to the extract of Zea mays pollen The pollen 
from the two ambrosias gave small nonspecific reactions when tested 
against each othei and marked reactions when tested specifically (Figs 
5 and 6) This difference has been noted many times clinically while 
making the routine skin sensitization tests with these two pollens All 
uterine strips, normal, nonspecifically sensitized and specifically sensi- 



Fig 6 — Record of active anaphylaxis to Helianthus aniiuus (sunflower) 
pollen extract in gumea-pig (uterine strip method) 







act,- 


Fig 6 — Record of active anaphylaxis to Helianthus annuus (sunflower) 
pollen extract in guinea-pig (uterine strip method) 

tized reacted vigoiousl}- to the extract of Zea mays pollen in dilutions 
as high as 1 30,000 or about 0 0002 mg of nitrogen per cubic centimeter 
(Fig 7) Clinically we have noted also that many patients at least give 
small positive skin reactions to the pollen of Zea mays regardless of 
whether they give reactions to any other pollen Corn pollen contains 
therefore an oxytocic principle 
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COMMENT 

This experimental evidence, showing that by using pollen extracts 
as an antigen charactei istic anaphylactic leactions can be elicited m the 
guinea-pig and that antibodies can be demonstrated in the blood of 
properly sensitized experimental animals, strengthens the view that 
pollen disease may be placed in the gioup of anaphylactic disordeis, and 
suggests that this phase of the pioblem should be considered by the 
clinician when he institutes prophylactic measures foi the lelief of symp- 
toms Oui expel lence, as well as that lepoited by others, shows that 
the sensitization of animals with pollens is more difficult to accom- 
plish than with proteins fiom most other souices, and this may explain 
the unsuccessful attempts of some mvestigatoi s to demonstrate either 
antibodies oi anaphylactic phenomena These failuies may be due not 
only to the technic used in sensitizing animals but also to the method 



Fig 7 — Record of uterine reaction to Zea mays (corn) pollen extract in 
normal gumea-pig 

of piepaiing the extiacts which are to be used as antigen Most of the 
successful workeis except Hariison and Armstiong, who use a ghcerol 
and sodium chloiid solution mixtuie, have used different concentrations 
of plain or slightly modified solutions of sodium chlorid It is also of 
great impoitance to select pollens of known origin and puiity as the 
microscopic examination of specimens obtained from various sources 
often reveals the piesence of different pollens oi othei contaminations 
The indicated specificiti of pollens is of gieat importance clinically, as 
was again pointed out lecentl}* by Beinton, and when generally recog- 
nized should make the prophj lactic treatment of pollen disease more 
satisfactor} We recommend that efforts be made to educate the public 
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to the impoitance of making accuiate observations of the appearance 
and disappearance of symptoms These observations, a knowledge of 
the pollinating season foi all local “hay-fever” plants, and information 
obtained fiom carefully controlled skin tests make possible a more 
accurate diagnosis on which to a large extent depends the degree of 
success of treatment 

At piesent the evidence foi placing pollen disease in the category of 
anaphylactic phenomena is the following 

1 Symptoms pioduced in sensitive individuals by the inhalation of 
minute quantities of the specific pollen 

2 Anaphylactic-hke symptoms occasionally produced in sensitive 
pel sons by the injection of minute quantities of specific pollen extiacts 

3 Desensitization of sensitive persons by repeated injections of 
small doses of pollen extracts 

4 Demonstiation of specific antibodies in the blood of man duiing 
seasonal attacks 

5 Frequent association with other disorders of suspected or known 
anaphylactic natui e 

6 Piesence of^ positive skin and ophthalmic reactions with specific 
pollens or pollen extracts 

7 Experimental demonstiation of the antigenic property of pollens 

8 Model ate blood eosinophiha 

9 Hypotension 

CONCLUSIONS 

^ 1 If suitable pioceduies are followed the antigenic propeity of pol- 
lens can be demonstrated in specifically sensitized animals by (a) 
pioduction of chai actei istic fatal anaphylatic phenomena, (b) positive 
uterine stiip leaction, (c) positive bronchoconstrictions, and (d) pro- 
duction of specific antibodies giving precipitin, complement fixation and 
passive sensitization leactions 

2 The 1 espouse of sensitized uteiine strips to Ambrosia tnfida and 
Ambrosia elahoi and to H ehanthus anmius is specific 

3 The demonstiation of the antigenic property of pollens while not 
itself pioving the anaphylactic nature of pollen disease is highly sig- 
nificant for this interpretation 

4 Zea mays pollen contains an oxytocic principle 
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Many studies on the blood of cancer patients have been made in an 
effort to determine the piesence of a specific substance which is charac- 
teristic of the disease and which can be detected soon enough to aid 
early diagnosis The tests that have been proposed have involved the 
assumption that the blood of cancer patients was chemically different 
from that of normal subjects or of those with other diseases, or that a 
specific cytolj^sm, enzyme, hemolysin or antibody was present These 
tests have pro'ved unsatisfactory eithei in not being specific foi cancer, 
as has been shown in the study of the phosphoius content of the blood,^ 
01 as involving so many vaiiable factors as to invalidate them Under- 
hill and Woodiuff ^ found that an extiact of cancer tissue contained a 
specific substance that was lethal to paramecia This observation — that 
there was a substance in cancer tissue different from anything in normal 
tissue in its effect on living cells — was confirmed by Calkins ® m a 
study of cancer tissue extract on didinium 

The problem of a specific substance in the blood of cancer patients 
IS still a matter to be investigated The present work deals with one 
phase of this problem, experiments having been conducted to determine 
the presence or absence of a substance in serums from cancer and from 
other patients which may affect paramecia differently from nonnal 
serums This biologic aspect of the blood m cancel has not leceived 
as much attention as the morphologic, physical and chemical phases of 
the question Various methods have been devised foi studying growth 
promoting and growth inhibiting substances Cai rell ^ has shown that 
leukocyte extracts may accelerate a growth of tissues in vitro Macht 

*From the medical service of the Colhs P Huntington Memorial Hospital 
of Hariard University 

^ ihis paper is No 44 of a series of studies in metabolism from the Harvard 
Medical School and allied hospitals The expenses of this investigation have been 
defrayed, in part, by a grant from the Proctor Fund of the Harvard Medical 
School for the Study of Chronic Diseases 

1 Buckman, T E , Minot, G R , Daland, G A , and Weld, M Blood 
Phosphorus , Its Relation to Cancer and Anemia, Arch Int Med 34 181 (Aug ) 
1924 

2 Underhill, F P , and Woodruff, L L J Biol Chem 15 401, 1913 

3 Calkins, G N J Cancer Res 1 399 (Oct ) 1916 

4 Carrell, Alexis J Exper Med 36 385 (Oct ) 1922 
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and Lubin demonstrated that variations of growth of lupin seedlings 
occuiied after seiums from patients with vaiious conditions weie added 
to the nutiient mediums Similar unpublished observations have been 
made in this laboratory 

Paramecia have been used widely as an index of the growth piomot- 
ing and destructive action of substances, such as the toxicity of alcohol, 
the effect of thyroxin and of ultraviolet light Several investigators 
have reported work on the influence of serums on paramecia Take- 
noiichi ° found that serums from cold blooded animals were more 
lethal for paiamecia than those taken from warm blooded animals 
Ledoux-Lebard has shown that normal human seiums are less toxic 
to these infusoria than those from animals He also studied a few 
serums from sick people and observed that some were more, others 
less toxic than those from normal subjects 

MATERIAL AND METHODS 

Venous blood was withdrawn from the person to be studied, allowed 
to clot at room temperatuie and then centrifugahzed The serum was 
removed to a test tube, kept stoppered to prevent evaporation, and its 
effect on paramecia was tested on the same day that it was obtained 

The paramecia were kept on hollow ground glass slides in a moist 
chambei Daily isolations were made in order to maintain a regular 
division rate and to observe the condition of the organisms, in accord- 
ance with standard methods Slide cultures from which the stock 
organisms had been removed three or four days previously were used 
in the expel iments Thus, the cultures had enough organisms in them 
with which to work and were approximately of the same concentration 
of paramecia and of similar bacterial content 

The dilutions of pai amecia with serum were made in a blood corpus- 
cle counting pipet so that the proportion of serum and fluid containing 
paramecia could be controlled In most of the experiments a dilution 
of 25 per cent culture and 75 per cent serum was used This was 
varied for a study of dilution effects The culture was diawn up into 
the pipet and then the serum, the whole amount was blown out on a 
glass slide, then redrawn into the pipet and expelled a second time 
In this way the paramecia were thoroughly mixed with the serum 
This drop of material was surrounded by a ring of petrolatum, covered 
with a glass cover slip and examined under the microscope 

5 Macht, D I , and Lubm, D S Proc Soc Exper Biol & Ivicd 20 265, 
1922-1923, J Pharm & Exper Therap 22 413 (Jan) 1924 

6 Takenouchi, M J Infect Dis 23 396 (Nov ) 1918 

7 Ledoux'Lebard, M Ann de I’lnst Pasteur 16 510, 1902 
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There are many ways of determining the death rate of infusoria, 
but in this study vesicle formation has been chosen as an index of 
cytolysis ® This can be observed easily under low power of the micro- 
scope and on a number of organisms in the chamber at one time 
Vesicle formation can be detected with greater accuracy than the cessa- 
tion of the cilia beat, or the time at which the paramecia will no longer 
respond to electrical stimuli The vesicles are blister-like elevations 
which, accoiding to Chambers,'’ appear on the surface of the paramecia 
when they are placed in an abnormal environment The vesicles appear 
to be beneath the pellicle but are external to the protoplasmic surface 
Observations were made on from fifteen to forty organisms with each 
serum tested The time at which the organisms were mixed with the 
serum and also the time when the first vesicle appeared on each organ- 
ism in the chamber were recorded From this data the percentage 
of the total number of organisms forming vesicles in a given period 
of time could be found The frequency curves of the late of vesicle 
formation have been studied in one, three and five minute intervals, 
as has also the summation of the frequencies 

The five minute interval was chosen for final analysis as it seemed 
to minimize the differences obtained with normal serums of the same 
subject from day to day, any errors of observation and manipulation, 
and the differences due to the daily vaiiation m the resistance of the 
organisms, except during periods of endomixis 

A pathologic and a normal serum usually were studied on the same 
da)’' The comparison of the effects on the same day is especially 
valuable, even more so than the comparison of results obtained at 
times quite distant from each other, as differences may be the result 
of changes in the resistance of the paramecia 

Some twenty-seven observations were made on the serums of nine 
different normal subjects and also six observations on two of these at 
the time of menstruation 

Eighteen cases of carcinoma were studied These included tumors 
of the breast, palate, rectum, throat, mouth, esophagus and eye The 
cases represented many phases of the disease , some were early cases and 
otheis were in a terminal, toxic stage As control obsen^ations the 
serums of patients with diseases other than cancer were studied These 
cases included four cases of chronic myelogenous leukemia, two of chronic 
hemolytic jaundice, five of eclampsia, two of uremia due to chronic 
nephritis and one case each of the following chronic lymphatic leu- 
kemia, lymphosarcoma, melanotic sarcoma, obstructive jaundice (cause 
undeterrmned), toxic jaundice from arsphenamin poisoning, pelvic 
sepsis hydroa aestivale, and pernicious anemia in a stage of relapse 

8 Bovie, W T , and Daland, G A Am J Physiol 66 55 (Sept ) 1923 

9 Chambers, R General Cytology, edited by E Cowdry, Univ Chicago 
Press, 1924, p 253 
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EFFECT OF NORMAL SERUMS ON THE RATE OF VESICLE 
FORMATION IN PARAMECIA 

The percentage of the total number of organisms forming vesicles 
in a given frequency interval r^aries in normal subjects The height of 
the frequency curve with each noimal seium studied occurred in the 
frequency inteival of fiom six to ten minutes Foi purposes of com- 
paiison this inteival is used The mean value for the percentage of 
the total number of oiganisms foiming vesicles in this period is 63 7 
per cent This figure may vaiy from 35 to 80 pei cent, or approxi- 
mately rb 25 per cent from the mean These figuies lepiesent the 
results on different days ovei a peiiod of several months From data 
at hand it seems evident that on a given day the variation between the 
effects of normal serums on paramecia is not so gieat 


Table 1 — Effect of Blood Serums fioin Noimal Subjects and fiom Patients zvtth 
Caicmoma on the Rate of Vesicle Foi motion in Patamccta 



Percentage of the Total Number of Parameen 


Forming Vesicles in the Given Interv al 


Mean Values for Fouiteen 

Mean Values for Eleven 


Normal Serums, 

Carcinoma Serums, 

Frequency Interval in Minutes 

per Cent 

per Cent 

1 to 5 

76 

96 

6 to 10 

63 7 

61 9 

11 to 15 

16 0 

18 7 

16 to 20 

32 

5 2 

21 to 25 

37 

1 1 

26 to 30 

1 5 

08 

81 to 35 

20 

09 

36 to 40 

14 

00 

41 to 45 

03 

00 

46 to 50 

03 

08 

51 to 65 

00 

08 

66 to 60 

00 


61 to 65 

03 



The mean values for the percentage of the total number of para- 
mecia forming vesicles in each frequency inteival for fourteen com- 
parable tests on six different subjects aie given in Table 1 

EFFECT ON PARACEMIA OF BLOOD SERUMS FROM CASES 

OF CARCINOMA 

The mean values foi observations that are comparable for eleven 
cases of carcinoma are given in Table 1 They are very nearly the 
same as those in this table for the normal persons Like normal 
seiums, the lethality of the serums from patients with carcinoma varied 
The magnitude of this variation is ± 22 per cent , or approximately of 
the same degree as that of the normal series Comparable tests of 
cancer and normal serums on a given day, not comparable with those 
made on different days, further indicated no difference in the effect 
of carcinoma and normal blood serums on paramecia The carcinoma 
serum was sometimes slightly more toxic than the normal and some- 
times less so The difference was never striking 
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EFFECT ON PARAMECIA OF THE SERUMS FROM OTHER PATHOLOGIC 
STATES AND DURING MENSTRUATION 

Serums from patients other than those with cancer may affect para- 
mecia differently from normal serums It is to be recalled that com- 
parable tests on different days showed normal serums to cause, at the 
greatest a ± 25 per cent variation in the rate of vesicle formation and 
that tests on the same day showed less variation The serums from 
some patients caused the percentage of the total number of organisms 
forming vesicles in the six to ten minute interval to be 50 per cent 
greater than the normal serums tested on the same day (one case of 
chronic lymphatic leukemia and one of chionic myelogenous leukemia 
in remission), and sometimes 50 per cent less (one of melanotic sar- 
coma, one of eclampsia, and one of obstructive jaundice) Other 
serums, those from one case each of toxic jaundice, sepsis, pernicious 
anemia and eclampsia, were from 15 to 25 per cent more toxic than 
normal serums obtained the same day 

The results obtained in normal women during menstruation are not 
included as “noimal” because it was demonstrated that blood serum 
during this period was about 20 per cent more toxic for paramecia 
than at other times These results aie in accord with those of Macht 
and Lubin ° on the effect of serum “menotoxin” on the growth of lupin 
seedlings and also with that of Herz and Weichbrodt,^® who have con- 
firmed then work 

EFFECT ON PARAMECIA OF ALTERATIONS OF THE PHYSICAL AND 
CHEMICAL PROPERTIES OF SERUMS 

The differences in the effect on paramecia of blood seiums cannot 
be attributed to a disease per se, but rather to some properties which 
may or may not be manifestations of disease, much as is the case for 
the rate of sedimentation of red blood corpuscles The observations of 
Takenouchi ® and Ledoux-Lebard ^ also suggest that the differences in 
the reaction of paramecia to serums from cold and warm blooded 
animals and from man are due to variations m the physical and chem- 
ical composition of the serums 

Further experiments, in which serums have been altered by dilution, 
presence of hemoglobin, heat and irradiation, indicate that alterations 
of physical and chemical properties do influence the lethal effect of 
serums on paramecia 

Effect of Changing Concenti aHon of Seuim — It is to be expected 
that the physical properties of the surrounding medium will be factors 
in the rate of V'^esicle formation Any change in the concentration of 

10 Herz, E, and Weicbbrodt, E. Deutscb med Wcbnscbr 50 1210 (Sept 
5) 1924 
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the medium will produce a reaction m the organism, the intensity of the 
reaction varying with conditions This may be illustrated by observa- 
tions on the mode and rate of cytol3^sis with diffeient dilutions of the 
same serum 

In a concentrated combination of seium and infusion the organism 
IS first stimulated, swimming very rapidly This is followed by the 
avoiding leaction, a slowing up process, cessation of motion, vesicle 
formation and sometimes rupturing, with or without previous vesicle 
formation 

In a weaker concentration of serum the sequence of the reactions 
is practically the same Sometimes, however, instead of forming 
vesicles, the usual index of cytolysis, the organisms become opaque, 
this seems to be due to internal disorganization of the protoplasm 

This series of leactions usually takes place in two minutes with 
90 per cent seium solution or in about eighty minutes with 25 per cent 
serum solution The results with difterent dilutions of serum are guen 
in Table 2 

Table 2 — Effect on Patamccta of Changing the Concent! ahon of the Seium* 


Concentration I^equency Interval m Five Minute Periods (1 5, MO Minutes) 

of Serum, , -* 



per dent 

5 

10 

15 

20 

25 

80 

35 

40 

45 

60 

55 

65 

70 

80 

25 


00 

00 

74 

37 

74 

00 

14 8 

14 8 

14 8 

74 

111 

74 

74 

37 

50 


11 5 

10 2 

11 5 

19 3 

11 5 

76 

38 

38 

00 

00 

38 

00 

76 

00 

75 


15 8 

630 

10 4 

52 

52 

00 

00 

00 

00 

00 

00 

00 

00 

00 


* The figures in the columns represent the percentage of the total number of organisms 
forming vesicles in the given frequency interval 

The effect of dilution of normal serums was comparable with that 
of similarly diluted cancel serums In some other pathologic condi- 
tions the 75 per cent seium solution was more lethal than the same 
concentratoin of normal serum and equivalent to a greater concentration 
(90 per cent ) of normal serum Thus, by varying the concentration 
of serums the difference between normal and abnormal serums can be 
clearly shown 

Effect of Piesence of Hemoglobin m Seium — It was observed 
early in this study that serums in which hemoglobin was evident were 
less toxic to paramecia than serums without hemoglobin Hence tests 
recorded above were made with serums free from hemoglobin Several 
experiments were done with serums containing hemoglobin liberated 
mechanically from the led cells Such a serum was distinctly less toxic 
than a sample fiee of hemoglobin from the same subject A typical 
experiment is lecorded in Table 3 

Effect of Heated Seiums — Serum heated in a water bath at 60 
degrees C for ten minutes and then cooled also was found to b6 
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decidedly less toxic than an unheated sample of the same serum Data 
m Table 3 illustrate this effect 

Effect of hnadmted Seiums — Alteration in the physical and chem- 
ical properties of serums also may be produced by irradiation Roffo 
and Correa have shown that the surface tension and viscosity of the 
blood may be thus increased 

In experiments in this laboratory serum was irradiated in a quartz 
test tube 70 cm from a Cooper-Hewitt air cooled mercury vapor lamp 
for a period of one hour The irradiated serum was definitely less toxic 
than the nonirradiated contiol A sample experiment is shown in 
Table 4 The results are in accord with those of similar experiments 
by Macht and Hill on the effect of irradiated plasma on the growth 
of lupin seedlings 

T\ble 3 — Effect on Parameaa of the Same Seuivi Befoie and Aftei Heating 
and Also Aftc) the Liberation of Hemoglobin fiom the 
Red Cells info the Serum ^ 


Serum, 

75 per Cent 
Solution 

Unchanged 

Tinged with hemoglo 
bin 

Treviouslv heated to 60 
0 for 10 minutes 


Frequency Interval m Five Minute Feriods (1 5 Minutes, etc ) 

, , . _ ■ ■ ■ A ■ - - 


5 

10 

15 

20 

25 

30 

35 

40 

50 

55 

65 

70 

75 

85 

91 

51 5 

181 

91 

00 

00 

00 

00 

00 

91 

00 

00 

00 

00 

00 

10 3 

6S8 

10 3 

34 

00 

34 

34 

00 

00 

00 

00 

00 

00 

00 

S3 

16 6 

00 

166 

83 

83 

00 

83 

00 

83 

83 

83 

83 


* The figures m the columns represent the percentage of the total number of organisms 
forming vesicles in the given frequency interval 


Table 4 — Effect on Paiamecia of Blood Senim luadiated with Ultraviolet Light 


Frequency Interval in Five Minute Periods (1 5 Minutes, 6-10 ete ) 
, 


Serum 

5 

10 

15 

20 

25 

30 

35 

40 

45 

55 

Xonirrudiited 

37 

333 

14 5 

111 

111 

74 

14 8 

00 

37 

00 

Irradiated 1 hour 

00 

00 

176 

118 

17 6 

176 

29 4 

00 

00 

59 


* The serum was irradiated in a quartz test tube, 70 cm from a Oooper-Hewitt air cooled 
mercury vapor lamp for one hour The figures m the columns give the percentage of the total 
number of organisms forming vesicles in a given frequency interval 


The serums from three patients with carcinoma were studied before 
and immediately after roentgen-ray treatment with the high voltage, 
constant potential, short wave length (0 185 angstrom units) apparatus 
described by Duane (the dose in these cases was about 600 electro- 
static unit seconds, target distance 80 cm and filter one-half millimeter 
copper) The difference in the lethal effect of the serums was not 
marked, but in each case the serum after irradiation was less toxic to 
the paramecia The results of two experiments are given in Table 5 

11 Roffo, A H , and Correa, J Semana med 27 17 (July 3) 1924 

12 Macht, D I , and Hill, E J General Physiol 6 671 (July) 1924 

13 Duane, William Am J Roentgenol 9 781 (Dec ) 1922 
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Thus, while therapeutic roentgen-ray irradiation causes various 
changes in the blood, including a decreased toxicity of serum for para- 
mecia, this change is not specific, but is comparable apparently to altera- 
tions produced by disease, dilution, presence of hemoglobin, heat, and 
irradiation with ultraviolet light 

CONCLUSIONS 

1 Paramecia when mixed with human blood seium form vesicles, 
the late of formation being an index of the lethality of the serum 

Table S — Effect on Paiamecta of Semins fiom Patients Before and Duectly 

Aftei Roentgen-Ray Treatment 


Roentgen 

Ray 

Carcinoma oi breast Before 

After 

Carcinoma of larynx Before 

After 


Frequency Interval m Five Minute Periods 
(1 5, 6-10, etc ) 

_« 


5 

10 

15 

20 

25 

30 

00 

48 3 

297 

161 

60 

00 

00 

270 

31 5 

31 5 

4 5 

4 5 

00 

546 

18 2 

18 2 

00 

90 

00 

384 

15 4 

77 

30 4 

7 7 


* The patients received roentgen ray treatment ■with a high voltage, constant potential, 
short 'wave length apparatus (dose, 600 electrostatic unit seconds, target distance, SO cm , and 
filter, one-half millimeter copper) The figures in the columns represent the percentage of the 
total number of organisms forming vesicles in the given frequency interval 

2 No specific substance was found m the blood serum of patients 
with carcinoma which affected the rate of vesicle formation in para- 
mecia in any way different from normal serum 

3 Serums from diseased persons may resemble those from noimal 
subjects m their effects on paramecia, or their toxicity may be greater 
or less Serum obtained at the time of menstruation is slightly more 
toxic than at other times 

4 Serums differing in their effects on paramecia may be made to 
act similarly by altering their concentration 

5 Diluted serums, serums containing hemoglobin or that have been 
heated, serums irradiated with ultraviolet light, and serums of patients 
who have just received roentgen-ray therapy are all less toxic for para- 
mecia than the control serums 
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For man) years it has been known that diabetic patients fiequenti}' 
have marked vascular disturbances, particularly of the lower extremi- 
ties Heitz ^ has recently shown that all of fifty-three diabetic patients 
showed some definite vasomotor changes, such as cold feet, edema or 
cyanosis, while thirty-five, or 66 per cent of the same group, had 
beginning arteritis, as shown by oscillometry Joslin - states that 15 1 
pel cent of diabetic patients in his series of 3,000 cases died of cardio- 
vascular changes, while 2 per cent of this number developed gangrene 
He quotes Buerger’s ® statement that diabetic gangrene shows typical 
lesions of atherosclerosis oi arteriosclerosis “These lesions diftei in no 
way from the lesions of the arteries in arteriosclerotic oi senile gan- 
grene, and justify the conclusion that diabetic gangrene is due to an 
athei osclerotic oi arteriosclerotic process ” This statement has been 
generally accepted, but no statement has been found in the literature as 
to the exact etiology of this arteriosclerosis Fitz and Murphy^ state 
that “cardiovascular or renal disease, including gangrene, often causes 
death in diabetics Unfortunatel} cardiovascular and renal disease are 
very common in people past the middle period of life ” These authors, 
however, give no more light on the etiology of these changes 

No definite statements about the pure cardiac changes have been 
found in the literature, noi have a series of electrocaidiogiams of 
diabetic patients been published The only electrocardiographic work 
on animals seems to be that of Belehradek and Noyons,® who perfused 
the excised hearts of frogs with pure anhydrous glucose solutions 
Electrocardiographic tracings of these isolated hearts weie taken at 

*From the Cardiographic Laboratorjy the Investigative Medical Service, 
and the Otto Baer Fund for Clinical Research of the Michael Reese Hospital 

1 Heitz, J Circulatorj Derangement in the Legs in Diabetes, Medecine 
4 783 (July) 1923 

2 Joslin, E P Treatment of Diabetes Mellitus, Ed 3, Philadelphia, Lea 
and Febiger, 1923 

3 Buerger, L The Pathology and Diagnosis of So-Called Diabetic 
Gangrene, Arch Diag 8 101 (April) 1915 

4 Fitz, R, and Murphy, W P Cause of Death in Diabetes Mellitus, 
Am J M Sc 168 313 (Sept ) 1924 

5 Belehradek, J and Nojons A K M L’electrocardiogramme du coeur 
perfuse au glucose, Compt rend Soc de biol 88 621 (March 10) 1923 
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diffeient times during the perfusion A preliminary period of heait 
block (complete arrest) was observed, then there was a change in the 
action current, as shown by an increased amplitude of the mam deflec- 
tion of the galvanometer string 

Oui studies weie undertaken to see m what way electrocardiogiaphic 
tracings of diabetic patients differ from those of normal persons of the 
same age and sex Furthermore it seemed desirable to ascertain the 
influence of changes in the blood sugar content on the electrocardio- 
graphic tracings 

METHOD 

A series of electrocardiograms were taken on diabetic patients with 
known blood sugar concentrations A Cambridge type of electrocar- 
diographic instrument, a modification of the Emthoven string galvan- 
ometer, was used In each case all three leads of the electrocardiogram 
were taken with the patient lying down Each tracing was accurately 
standai dized, 1 cm swing of the string on the camera being equivalent 
to 1 millivolt of current This was the usual hospital routine Clini- 
cal interpretations were made, and the findings caiefully noted 

FINDINGS 

In the course of several months it was found that a consideiable 
number of electrocardiograms of diabetic patients showed changes that 
were moie maiked than the physical findings of the patients seemed 
to wan ant Tracings were taken of seventy diabetic patients m the 
hospital, with known blood sugar concentrations Of these seventy, 
twenty-one, or 30 per cent , showed notching of the Q-R-S complex m 
one or more leads In no case included m this group did Q-R-S measure 
0 1 second or more For this reason it would be difficult to say that 
there was a true bundle branch block or other anatomic lesion of the 
conducting pathways in these cases In all cases, the P-R interval 
was within noimal limits, 0 2 second or less In all cases the ventricu- 
lar rate was over 58 per minute No cases weie included in which the 
diabetes was accompanied by grave cardiac changes, as auricular fibril- 
lation, flutter, idioventricular rhythm, angina pectoiis, marked decom- 
pensation or aneurysm 

In this series of seventy diabetic patients, forty had high blood 
sugar concentiations at the time the tracings were taken The concen- 
tration varied between 210 mg and 460 mg of sugar per hundred cubic 
centimeteis of blood, the average being 282 mg Twenty patients had 
blood sugar concentrations between 130 and 190 mg, with an a^erage 
of 150 mg , while ten showed concentrations below 130 mg 

Notching was more frequent in the curves of patients with high 
blood sugar concentrations than in those with lower concentrations No 
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notching occurred in any of the ten electrocardiograms taken of patients 
with blood sugar concentrations of less than 120 mg per hundred cubic 
centimeters of blood When the sugar concentration varied between 
130 and 190 mg only five of the twenty cases, or 25 per cent , showed 
notching of Q-R-S in any of the three leads With higher sugar con- 
centrations, 210 mg or moie, notching occurred much moie frequently 
in thirteen of forty cases, or in 32 per cent 

The swing of the galvanometer string was higher in cases with high 
blood sugar concentrations than in those with lower concentrations 
When the sugar concentration was 210 mg or higher, the average stand- 
ardized deflection in all the forty cases was 10 7 mm m Lead I, 9 5 mm 
in Lead II, and 8 5 mm in Lead III When these figures were more 
carefully examined it was found that this group could be subdivided 
into two groups In the first group were included all those curves 
which showed no notching in any of the three leads, and here the avei- 
age swing m the first lead was 11 6 mm , in the second lead, 10 5 mm , 
and m the third lead, 9 8 mm In the second group were included all 
of the curves which had a notched Q-R-S m any of the leads, and here 
in Lead I the average main deflection was 8 4 mm , m Lead II, 7 0 mm , 
and in Lead III, only 49 mm There was a marked increase in the 
notching in Lead III as compared with Lead I 

In the group of twenty diabetic patients with lower blood sugar con- 
centrations, 1 e , between 130 and 190 mg of sugar, the average being 
150 mg , the average swung for all twenty curves was 11 mm in Lead I, 
8 8 mm m Lead II, and 8 3 mm in Lead III When only those curves 
were included in which there was no notching in any of the three leads, 
the average mam deflection in Lead I measured 11 mm, in Lead II, 
7 2 mm , and in Lead III, 7 5 mm When only those cases were included 
in which notched curves were included, the average mam deflection in 
Lead I was 10 1 mm , in Lead II, 8 6 mm , and in Lead III, 5 2 mm 

In the group of ten diabetic patients with blood sugar concentrations 
below 120 mg , none of the curves showed any evidences of notching 
The average main deflection in Lead I was 8 3 mm , in Lead II, 8 3 mm , 
and Lead III, 8 8 mm 

CONTROL TRACINGS 

Control tracings were made of two different groups The first 
group consisted of thirty normal men and women approximately the 
same age as the diabetic patients These were selected from the hospi- 
tal personnel and were all persons in good physical condition The 
second group was selected from among the patients in the hospital who 
had approximately the same physical findings as the diabetic patients, 
excluding the diabetes, i e , nephritis, myocarditis, hypertension, arterio- 
sclerosis and the like In the first group, the normal controls, four 
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curves were notched, but only in the thud lead, none showing notching 
in Leads I or II The general average for all cuives was 7 6 mm m 
Lead I , in Lead II, 8 4 mm , in Lead III, 5 9 mm For all curves, exclud- 
ing notched ones, the average swing in Lead I was 7 3 mm , in Lead II, 
8 4 mm , and in Lead III, 6 4 mm For the four cuives which showed 
notching in Lead III, the aveiage for the first lead Avas 8 7 mm , foi the 
second lead, 8 5 mm , and for the thud lead, 4 7 mm 

In the second group of contiols three of the twenty, or 15 pei cent , 
showed definite notching in one or more leads The average mam 
deflection for all curves was m Lead I, 7 mm , in Lead II, 8 2 mm , 
and in Lead III, 5 7 mm When curves that showed notching m any 
of the three leads were excluded, the mam deflection in Lead I mea- 
suied 8 1 mm , m Lead II, 8 8 mm , and m Lead III, 6 5 mm When 
only those curves were included which showed definite notching, the 
mam deflection m Lead I measured 7 mm , m Lead II, 5 6 mm , and 


Table 1 — Average Deflections in Diabetic and Conti ol Cases 


Sugar Concentration 

E, Lead I 

B, Lead II 

E, Lead III 

Remarks 

210 mg or more 

10? mm 

11 6 mm 

8 4 mm 

9 5 mm 

10 5 mm 

7 0 mm 

8 5 mm 

9 8 mm 

4 9 mm 

All cases (40 cases) 

No notching (27 cases) 

All notched (13 cases) 

130 to 190 mg 

110 mm 

11 0 mm 

101 mm 

8 8 mm 

7 2 mm 

SO mm 

8 3 mm 

7 5 mm 

5 2 mm 

All cases (20 cases) 

No notching (15 cases) 

All notched (5 eases) 

Under 130 mg 

S 3 mm 

8 3 mm 

8 8 mm 

All cases, none notched (10 cases) 

Kormal controls 

7 6 mm 

7 3 mm 

8 7 mm 

84 mm 

8 4 mm 

8 5 mm 

5 9 mm 

6 4 mm 

4 7 mm 

All cases (30 cases) 

No notching (26 cases) 

All notched m Lead III (4 cases) 

Control 

7 0 mm 

SI mm 

7 0 mm 

8 2 mm 

8 8 mm 

5 6 mm 

5 7 mm 

6 5 mm 

3 0 mm 

All cases (20 cases) 

No notching (17 cases) 

All notched (3 cases) 

All controls 

7 3 mm 

8 3 mm 

5 8 mm 

All cases (50 control cases) 


in Lead III, only 3 mm The general averages for all control cuives 
were in Lead I, 7 5 mm , in Lead II, 8 3 mm , and in Lead III, 5 8 mm 
When all curves that showed notching in any of the three leads were 
excluded, the main deflection in Lead I measured 7 6 mm , in Lead II, 
8 3 mm , and in Lead III, 6 4 mm In the case of the curves that 
showed notching in one or more leads. Lead I measured 8 mm , Lead II, 
7 2 mm , and Lead III, 3 9 mm 

From Table 1 it is seen that the swing of the galvanometer string 
was consistently and constantly greater in all groups of diabetic patients 
than in any or all control groups 

Since diabetic patients with high sugar concentrations showed a 
greater deflection of the galvanometer string than those with lower 
concentrations, it was thought advisable to see if changes in the blood 
sugar concentration would produce changes in the electrocardiographic 
tracings For this reason electrocardiographic tracings w^ere taken of a 
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special group of six diabetic patients throughout the course of treatment 
m the hospital, when the blood sugar was at different levels Since 
there was always considerable variation in the amount of sugar present 
in the circulating blood at different times of the day, electi ocardiographic 
tracings and blood sugar estimations were made at approximately the 
same hour each day The tracings weie taken about two hours after 
breakfast, and two and one half hours after insulin when this was used 
As soon as the electrocardiogram was completed, blood was drawn for 
the sugar estimation In this way the amount of sugar present at the 
time the tracing was made was known 

All of the SIX patients were old diabetic patients, i e , the disease 
had been recognized in each case for at least three years No patient 
was in a serious condition, none showed evidence of maiked acidosis, 
coma or other complications outside the diabetes In all cases there was 
a high initial fasting blood sugar, at least 230 mg of sugar per hundred 
cubic centimeters of blood All the patients were kept at a high sugar 
level for several days, and electrocardiograms and sugar estimations 
were made daily This was done in order to get a standard tracing to 
, judge from At the end of four days, dietetic treatment was begun 
The blood sugar dropped gradually During this period electrocardio- 
grams and blood sugar estimations continued to be made daily In two 
cases the blood sugar remained at a high level in spite of dietetic man- 
agement so that in these two patients insulin was used 

In each case, as the concentration of the blood sugar decreased 
there was a decrease in the height of the mam deflection, except in 
those cases in which R was notched to begin with In these cases, 
R tended to increase in height as the blood sugar deci eased, in other 
words there was a diminution in the notching The change in height 
of Q-R-S was fairly rapid, and paralleled the sugar concentration quite 
closely When the blood sugar concentration was high, over 300 mg 
of sugar per hundred cubic centimeters of blood, at the onset of the 
work, it required at least a week of low blood sugar, 160 mg or less, 
before Q-R-S remained at a consistently low level This low level 
was not permanent, for the height of the main deflection increased 
gradually with an increase in the sugar content If the blood sugar 
concentration was again reduced, the fall to the original low level 
occurred in a much shorter time than in the beginning (Table 2) 

In all of the cases with very high blood sugar concentrations, theie 
was notching of the mam deflection Table 3 is illustrative of the 
findings m this group 

The same results were obtained in these six cases as in the previous 
cases, namely, the higher the sugar concentration of the blood at the 
time the tracing w’^as taken, the higher the mam deflection 
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ANIMAL STUDIES 

This wolk on human diabetic patients was corroborated by animal 
experimentation Dogs weie used, and the blood sugar concenti ation 
was inci eased b} Aaiious means Electi ocardiograms were taken at 
legulai inter\als and carefully standardized In each case, an electio- 
cardiogram was taken as soon as the animal was quiet, and blood was 
immediatel}^ diawn fiom the jugulai vein for sugai estimation The 
animal was then anesthetized with ether, and an electi ocardiogram taken 
as soon as relaxation was complete Blood was diawn fiom the light 
jugular vein as soon as the last lead had been taken It is a well known 
fact that the percentage of blood sugai rises during anesthesia The 


T-\ble 2 — Changes m Deflection Associated with Changes m Blood Sugai 
Concenti ation in Same Subject 


Case* Date 

Sugai 

R. Lead I 

E, Lead II 

R, Lead III 

Tracing 

1 2/10/25 

262 mg 

13 mm 

8 mm 

10 mm 

1 

2/16/25 

190 mg 

11 mm 

7 mm 

9 mm 

3 

2 2/10/25 

242 mg 

8 mm 

9 mm 

5 mm 

2 

2/14/25 

320 mg 

9 mm 

9 mm 

6 mm 

5 

2/18/25 

177 mg 

8 mm 

Smm 

5 mm 

8 

2/22/25 

230 mg 

10 mm 

7 mm 

5 mm 

9 

* Case 1, a man. 

iged 61, Case 2, 

a man, iged 53 





Table 3 — Notching of Main Deflection Associated 

Sugai Concenti ation ' 

zvith High Blood 


Date 

Sugar 

E, Lead I 

B, Lead II 

E, Lead III Tracing 

2/11/25 


14 mm 

4 mm (notched) 

2 mm (notched) 

1 

2/16/25 


11 mm 

5 mm (notched) 

2 mm (notched) 

5 

2/22/25 

252 mg 

8 mm 

4 mm (notched) 

2 mm (notched) 

(. 


* The patient, a joung man, aged 17, had been under obseri ation for three years, and 
recehed 60 units of insulin daih 


wolk of Banting and Best and their co-woikeis“ coiroboiates this 
statement The lattei found that the use of blood sugai in labbits is 
lapid and persists as long as etheiization continues The same findings 
held good in oui woik on dogs Theie was a marked initial rise of 
blood sugai, on an average fiom 92 to 150 mg of sugai pei bundled 
cubic centimeters within twenty minutes after anesthetization, then a 
continual faiily steady rise foi the five or six hours that the expeiiment 
was continued Theie was a maiked initial rise of the mam deflection 
of the string with the beginning of anesthetization, but subsequent trac- 
ings showed only slight altei ation 

6 Banting, F G , Best, C H Collip, J B , MacLeod, J J R, and Noble, 
E C The Effects of Insulin on Experimental Hyperglycemia, Am J Physiol 
62 559 (Nov ) 1922 
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A second group of animals received 500 c c of a 10 per cent solu- 
tion of glucose intravenously into the right femoral vein The dogs 
were kept under the influence of ether throughout the course of the 
experiment and electrocardiographic tracings and blood sugar estima- 
tions were made every hour In this group (Table 4) as in the preced- 
ing, there was a sudden sharp rise of the Q-R-S deflections as soon as 
the animal was anesthetized There was a marked increase in the blood 
sugar concentration as the intravenous solution was continued There 
was a slight increase in the swing of the galvanometer string, but this 
was not as great as had been expected 

A third series of animals received Ringer’s solution intravenously in 
the place of glucose solution In this group there was the initial increase 
in height of the mam deflection, with etherization, then a slight fall m 
one case, or constant findings in spite of the fact that there was an 
increase in the sugar content 


Table 4 — Piotocols of Two Typical Ex fcnmcnts on Dogs, Illiisliating Changes 
Associated with Inci cased Blood Sugai Content Due to Ethei 
Anesthesia and Following Intravenous Glucose Injection 


Am- 

Blood 










mal 

Sugar 


R, Lead I 

R, Lead II 


R, Lead III 


1 

77 mg 

8 

mm 


22 

mm 

18 

mm 


Before nnesthesia 


130 mg 

9 

mm 


21 5 mm 

18 5 mm 


After anesthesn 


592 mg 

5 

mm 

(notched) 

23 

mm 

21 

mm 


After 25 gm of glucose 


680 mg 

6 5 mm 

(notched) 

24 

mm 

25 

mm 


After 45 gm of glucose 

2 

97 mg 

14 

mm 


13 

mm 

15 

mm 


Before anesthesia 


ISO mg 

15 

mm 


19 

mm 

8 

mm 

(slur) 

After anesthesia 


291 mg 

17 

mm 


11 

mm 

6 

mm 

(notched) 

After 25 gm of glucose 


480 mg 

14 

mm 


20 

mm 

10 

mm 

(notched) 

After 45 gm of glucose 


The last group of animals received insulin following the initial trac- 
ings under normal conditions and affer preliminary etherization It 
was very difficult to overcome the hyperglycemia due to ether anesthesia 
As Banting, Best and their co-workers have shown, there is a latent 
period during anesthesia before insulin acts When less than 1 unit of 
insulin was given intravenously every fifteen minutes, the blood sugar 
at the end of three hours remained higher than before ether was 
begun When more than this amount was used the animal died within 
an hour or so These findings are in accord with those of Bliss ® 
He states that a dog weighing 9 kg can stand six units of insulin daily, 
the entire amount within a few hours producing a stormy result When 
one unit every four hours was given, fairly good results were obtained 
by him 


7 Banting, F G , Best, C H , Collip, J B , MacLeod, J J R , and Noble 
E C Effects of Pancreatic Extract (Insulin) on Normal Rabbits, Am J 
Physiol 62 162 (Sept) 1922 

8 Bliss, S W The Effects of Insulin on Diabetic Dogs, J Metab Res 
2 385 (Sept ) 1922 
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COMMEKT 

Electrocardiographic tracings of diabetic patients showed notching 
of the mam deflections more often than tracings of other subjects of 
the same age and sex The higher the blood sugar concentiation, the 
more frequent the notching, and as the sugar concentration deci eased 
the notching tended to disappear This notching was not due to a bundle 
branch lesion because such cases have, according to Lewis,® the follow- 
ing features m common 

1 The amplitude of the chief deflections are more than normal 2 The 
initial phases have an unusual duration 3 The final deflection is opposite in 
direction to the chief initial deflection, R or S, as the case may be 

None of the tracings included showed any of the thiee features 
mentioned above As yet we are uncertain m what pathologic conditions 
notching of R occurs with no delay, but it is generally believed that 
myocardial changes are present in these cases Since there was a 
reduction in the notching with decreased sugar content, it seemed piob- 
able that there was an impiovement of the myocardial condition It 
required several weeks of low sugar concentration to cause any marked 
change m the notching 

The height of the mam deflection of the electrocardiogiaphic tiac- 
ing was greater in diabetic patients than in persons in the control 
groups of the same age and sex As the sugar content of the ciiculatmg 
blood increased, there was an increase in the height of Q-R-S m the 
electrocardiograms, while a decrease in the sugar content caused a 
smaller swing of the galvanometer string The sugar content of the 
circulating blood seemed to influence the action current of the cardiac 
muscle These changes can be measured quantitatively, and seem to 
parallel the quantity of blood sugar fairly exactly This is in accord 
with the work of Belehradek and Noyons,® but in our patients the 
changes were less extreme than in their work on perfused animal heai ts 
This was to be expected because changes in sugar concentration in 
human blood can never be so sudden or so marked as in perfused 
animal hearts In the case of human hearts, outside factors could not 
be regulated nor excluded as compared with the regulation of perfused 
hearts Within the limit of experimental error, it seemed certain that 
some change occurred in the electrocardiographic tracing with changes of 
sugar concentration 

It was not only Q-R-S that showed changes in amplitude with 
changes m blood sugar concentration The P wave (due to auricular 
activity) also showed definite changes in height of excuision This 

9 Lewis, T The Mechanism and Graphic Registration of the Heart 
Beat, London, Shaw and Sons, 1920, p 120 
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was much moie difficult to measure quantitatively under the present 
conditions of standardization From the very insufficient evidence at 
hand, it seemed that P changed in the same way as the mam deflection 
changed with blood sugar changes 

Following ether anesthetization, dogs showed a marked and fairly 
constant hyperglycemia of about the same severity as rabbits show under 
the same circumstances The electrocardiograms showed an increase 
m the height of the main deflection as soon as the dog was under the 
influence of the ether and relaxation was complete This rise remained 
fairly constant as long as the ether was continued, and during this 
period other factors had little influence on the resulting tracing When 
intravenous sugar solutions were given for several hours, there was very 
little change on the swing of the galvanometer string, after the initial 
rise due to etherization Beyond a certain sugar concentration no 
change could be detected, even when many times the amount of sugar 
was given which was originally present When physiologic sodium 
chlond solution was given, it was never possible to give enough fluid to 
overcome the increased blood sugar due to ethei When insulin was 
used, there was likewise no change because enough insulin to overcome 
the effects of etherization always caused death within a short time 
Since changes in blood sugar concentration seemed to produce 
definite changes in the action current, it is suggested that the sugar acts 
directly on the cardiac muscle This was more marked when perfused 
hearts were employed than when human hearts were used The changes 
that occurred were more marked when the solution contained a large 
amount of sugar, but this was not a definitely quantitative thing The 
results obtained make it appear possible that sugar in high concentrations 
may be considered a protoplasmic poison, and acts in a toxic mannei 
on the cardiac muscle As yet sufficient evidence is lacking for a posi- 
tive statement on this point 

SUMMARY 

Notching of the mam deflection of the electrocardiogiaphic curves 
occurred moie frequently in curves of diabetic patients than in curves 
of control patients 

Changes in the blood sugar concentration were associated with 
changes in the mam deflections of the electrocardiographic tracings 
Increasing the amount of blood sugar m dogs by etherization or by 
glucose injections caused an increase in the height of the Q-R-S wave, 
while a decrease m the amount of blood sugar produced a decrease m 
the amplitude of the Q-R-S wave 



NONSPECIFIC DESENSITIZATION THERAPY IN 
ALLERGIC ASTHMA 


THE EOSINOPHILIC INDEX AS A GUIDE TO INTRAMUSCULAR 
INJECTION OF VENOM PROTEIN, WITH CASE REPORT 

RALPH H SPANGLER, MD 

PHILADELPHIA 

Nonspecific desensitization and nonspecific protein theiapv have 
become recognized factors in immunity Rosenau and Anderson have 
shown that animals receiving lepeated injections of foieign pioteins 
become markedly insusceptible to anaphylactic shock Longcope - 
writes “It seems impossible to avoid the conclusion that in animals 
sensitized to two proteins anaphylactic shock to the one i educes tempo- 
rarily the sensitiveness to the second ” Dale ^ found that a guinea-pig 
sensitized to several seiums and also to egg white could be desensitized 
to the serum with egg white Kolmer,^ in lefeinng to nonspecific pro- 
tein therapy, says that “nonspecific activities of bacterial vaccine mai^ 
exert beneficial and cuiative eftects m disease to which the bacteiia 
incorporated in the vaccine has no etiologic lelationship ” 

CLINICAL REPORTS ON NONSPECIFIC DESENSITIZATION IN ASTHMA 

Numerous clinical lepoits are accumulating which show the bene- 
ficial effect of various nonspecific desensitizing agents m asthma as well 
as m hay-fever, and other sensitization conditions Miller ° gave intra- 
venous injections of typhoid vaccine in a numbei of cases of bacteiial 
asthma with lelief to some of the patients Those not benefited were 
tieated with autogenous vaccine He says “In no case, howevei, that 
had failed to be leheved by the typhoid vaccine was there any benefit 
from autogenous vaccine” Auld ® has used peptone inti avenously in 
the treatment of asthma Recently, he has reported on the beneficial 
use of peptone and seium m eleven cases Miller,'^ in a lecent article, 
concludes “Peptone therapy in asthma and allied conditions offers a 
Simple and effective mode of tieatment” Veitch® tieated twenty -foui 

1 Rosenau and Anderson, quoted by Miller, J L Am J M Sc 168 639 
(Nov ) 1924 

2 Longcope, W T Physiological Rev 3 290, 1923 

3 Dale, H H Bnt M J 2 689 (Oct 29) 1921 , ibid 1 45 (Jan 12) 

1922 

4 Kolmer, J A Infection, Immunity and Biological Therapy, Ed 3, Phil- 
adelphia, W B Saunders Company 

5 Miller (Footnote 1) 

6 Auld, A G Bnt M J 1 696 (May 14) 1921 , ibid , March 7, 1925 

7 Miller, H P Illinois M J 45 269 (April) 1924 

8 Veitch, John Bnt M J 1 13 (Jan 5) 1924 
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asthmatic patients with weekly intramuscular injections of peptone 
combined with a mixed catarrheal vaccine He reports fourteen patients 
cured , four greatly improved , five improved to a less degree, and one 
not improved Van Leeuwen and Varekamp ° treated twenty-eight 
patients with bacterial bronchial asthma who gave positive Pirquet and 
negative skin tests, with Koch’s tuberculin With this form of non- 
specific desensitization they report 68 per cent of the patients com- 
pletely relieved, 10 per cent greatly benefited, 18 per cent decidedly 
improved and 4 per cent not benefited The parenteral injection of 
milk in asthma has been reported of benefit by Schiff and other 
clinicians 

In a recent article,^^ I leported beneficial results in sensitization dis- 
eases, including asthma, hay-fever, migiaine and epilepsy from the intra- 
muscular injection of venom protein (crotahn) solution, which contains 
a peptone and a globulin 

EOSINOPHILIA IN ASTHMA 

The local collection of eosinophil cells in the lungs in asthma is a 
clinical observation that has been frequently recorded in textbooks The 
almost invariable finding of an eosinophiha in the peripheral blood at 
some stage of an asthmatic attack, provided the differential leukocyte 
counts are made at repeated intervals, is very suggestive that the under- 
lying factor, in all cases of true bronchial asthma, is of allergic origin 
This increase of eosinophil cells demonstrable before, during or soon 
after an asthmatic paroxysm is highly significant of the relation of 
asthmatic hypersensitivity to anaphylactic or anaphylactoid phenomena 
The asthmagenic substance to which a patient is sensitized is undoubt- 
edly positively chemotactic for eosinophil cells Van Leeuwen and 
Leydner’-^ repoit isolating a muscle stimulating substance from the 
blood of patients with asthma, urticaria, migraine and epilepsy, all dis- 
eases in which an increase of eosinophil cells has been noted They 
could not demonstrate its presence in other diseases or in normal sub- 
jects They believe that this toxic substance is related to the “allergic 
disposition” of the patient 

EOSINOPHILIA IN THE ANAPHYLACTIC-LIKE REACTION 
FOLLOWING VENOM PROTEIN INJECTION 

Investigators are pointing out that commonly an increase in the 
percentage of eosinophil elements in the differential blood count is pres- 

9 Van Leeuwen, W S , and Varekamp, H Lancet 1 201, 1921 , ibid 2 1366 
(Dec 31) 1921 

10 Schiff, N Am J M Sc 166 664 (Nov ) 1923 

11 Spangler, R H M J & Rec 122 313 (Sept 16) 1925 

12 Van Leeuwen, W S , and Leydner Brit J Exper Path 3 282 (Dec ) 
1922 
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ent during the anaphylactic-hke phenomena that follow the parenteial 
injection of foreign protein substances 

In a number of articles published since 1912, I have called atten- 
tion to the fact that the mechanism of the reaction following the 
intramuscular injection of venom protein (ciotahn) solution includes 
an increase in the percentage of eosinophil cells in the differential count, 
this IS in addition to the lengthening of the clotting of the blood, the 
increasing of the permeability of the vessel walls and the producing of 
general cell and glandular stimulation, all recognized factors in the 
mechanism of the nonspecific protein reaction Schlecht’s experiments 
on guinea-pigs and dogs, showing that with repeated small injections of 
various foreign protein substances an eosmophiha is pioduced, confirm 
my findings 

Since eosinophils aie found increased in anaphylaxis and anaphyl- 
actic-hke conditions it would seem plausible that an estimate of then- 
varying percentage would be of value in detei mining the degree of the 
nonspecific reaction, when it is used as a therapeutic measure 

SUGGESTED METHOD FOR REGULATING STRENGTH OF DOSE AND 
FREQUENCY OF ADMINISTRATION OF NONSPECIFIC 
PROTEIN AGENTS 

It would be of the greatest value if a method could be established for 
1 egulating the strength of dose and the frequency with which a pi otein 
injection should be given in order to keep a patient nonspecifically desen- 
sitized The biologic test of giving an inj,ection and depending on the 
lesultmg clinical manifestations is most unsatisfactory and often 
misleading 

In an experience with intramuscular injections of venom protein 
(crotalin) solution covering a period of fifteen years, during which time 
more than 16,000 intramuscular injections have been given to over 
700 patients, I have found that a study of the differential blood count 
before and after injections with a special reference to the degree of 
eosmophiha produced (eosinophilic index) offers a satisfactory guide 
to both strength of dosage and frequency of administration of the 
protein substance I have reported this method m detail m previous 
articles,^® and m submitting it at this time as a practical guide for the 
administration of nonspecific desensitization therapy m asthma I will 
summarize my findings briefly 

13 Spangler, R H New York M J, Oct 4, 1913, ibid 104 534 (Sept 16) 
1916, ibid 107 727 (April 20) 1918 

14 Schlecht Deutsch Arch f klin Med 108 405, 1912 

15 Spangler, R H M J & Rec 120 495 (Nov 19) 1924, Atlantic M J 
28 138 (Dec ) 1924 
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EOSINOPHILIC INDEX A GUIDE 

As a rule the highest rise in the percentage of eosinophils, following 
venom protein injections, which I have used in the range of closes 
Vioo fo %o occurs by the second or third day In from five 

to seven days after injection, the eosinophil cells will, as a rule, have 
dropped to 4 per cent or under (unless a higher percentage range of 
eosinophils had been present in the patient before the first injection was 
given), and the patient may be given another injection It has been 
my practice not to lepeat an injection if the peicentage of eosinophil 
cells by the fifth day has not dropped to within the normal range, or 
at least as low as they were before starting the protein injections 
Moreover, it has not seemed wise to increase the stiength of the dose 
if any given strength is producing an increase of from 8 to 10 per cent 
of eosinophils by the second oi third day after an injection 

The following case report shows the clinical results of nonspecific 
protein desensitization following repeated intramuscular injections of 
venom protein (crotahn) solution in a case of bronchial asthma and 
hay-fever The accompanying table and chait illustrate the value and 
significance of recording the eosinophilic index 

REPORT or CASE 

A woman, aged 30, a librarian, who had been suffering with severe asthmatic 
paroxysms for three years, came under my care, April 11, 1924 Her mother had 
been subject to nocturnal convulsions at irregular intervals from her eighteenth 
to her twenty-fifth year At that age the convulsions stopped and she developed 
migraine seizures with vomiting, which occurred periodically and persisted until 
the menopause A maternal aunt also had migraine 

The patient was the youngest of four children, had been a full term baby and 
had had a normal birth She was bottle fed and suffered much with digestive 
disturbances before teething As a girl she had “bilious attacks” and frequently 
suffered with hives At the twelfth year she began to have migraine, with vomit- 
ing Menstruation was established at 13 years , she was always regular and had 
little pain Two months later, in August, 1908, she developed hay-fever, which 
has recurred periodically each autumn since (sixteen years) in spite of pollen 
therapy, change of climate, rhinologic treatments, the use of calcium, parathyroid 
and various other drugs 

Just before the annual hay-fever season of 1921 she developed acute asth- 
matic paroxj sms , at first these were mostly nocturnal but during the year before 
I saw her they were occurring both day and night, and the patient required 
epmephnn or morphm hypodermically almost daily It was necessary for the 
patient to give up her library work Food skin tests were negative Skin reac- 
tions to feathers and house dust were positive but the avoidance or removal of 
these irritants to the best of her ability gave no relief The physical signs in 
the case were typical of an acute bronchial asthmatic paroxysm A urine exami- 
nation was negative The blood Wassermann test was negative 

April 11, the hemoglobin was 78 per cent , the red cells 3,950,000, and the 
white cells 7,200 The differential counts on four days out of the next five 
during which time she had five severe and four medium asthmatic paroxysms, 
showed respectively a 9-, 15-, 11- and 14 per cent of eosinophil cells 

April 16, a %oo gram of crotalin was given intramuscularly, followed bj 
a very mild local reaction The percentage of eosinophils two days later was 11, 
and there were four light asthmatic attacks 
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April 21, a second %oo gram of crotalin was given in the other arm This 
was followed by a marked local reaction and two days later the eosinophil cells 
were 21 per cent She had had two severe paroxysms, April 20 The percentage 
of eosmophilia, April 25, was 16, August 26, 11 

April 28, the eosinophils were 9 per cent and I gave a tlnrd %oo gram injec- 
tion of crotalin solution, with another marked local reaction She had two severe 
paroxysms, April 29, and one m my office, April 30 There had been, however, 
an interval of nine days betw^een seizures (the longest freedom from attacks for 
several months) The eosinophils, April 30, were 16 per cent May 1, there 
was a hard paroxysm that lasted several hours The eosinophils that day were 
14 per cent 

May 5, the eosinophils were 10 per cent and I gave a %oo gram of crotalin, 
which was followed by a good local reaction Two days later. May 7, the 
eosinophils were 15 per cent There had again been an interval of six days 
without an asthmatic paroxysm when, during the night of May 7, a severe 
attack occurred 

May 12, the eosinophils were 8 per cent m the morning and I gave a %oo 
injection of crotalin That night the patient had a very severe and long asth- 
matic seizure, which lasted nearly four hours Two days later. May 14, the 
eosinophils were 13 per cent 

COMMENT ON TABLE AND CHART 

By referring to the table and chart, it will be noted that foi five 
days before any protein injections weie given and during which time the 
patient was having repeated acute asthmatic paioxysms, the percentage 
of eosinophil cells ranged from 9 to 15 The total white count was 
6,800 This patient was undoubtedly sensitized to some undetermined 
asthmogenic substance 

The first crotalin injection, Apiil 16, pioduced only slight local 
leaction and no change in the percentage of eosinophils The second 
injection, howevei, five days later (Apnl 21) was followed by a 
seveie local reaction, which lasted forty-eight hours It was accom- 
panied by a slight leukopenia , the total white count di opped to 4,200 
The eosinophil cells, forty-eight hours after the injection, were 21 per 
cent Theie evidently had been supei posed a nonspecific sensitization 
with the production of an anaphylactic-hke state as indicated by the 
leukopenia and the decided increase in the percentage of eosinophil 
cells It IS of clinical inteiest that no asthmatic seizures occuired for 
nine days following this anaphylactic-like phenomenon 

Crotalin injections were then continued at seven day intervals and, 
as indicated by the accompanying chart and table, were followed 
each time by an increase of eosinophils, but the percentage range of 
eosinophils gradually decreased and by June 16, eight weeks after the 
first crotalin injection, they dropped to within the normal range (4 per 
cent or under) 

During the next two months the percentage of eosinophils showed 
moderate increase following the crotalin injections, but they ne^er went 




Eosinophilic index in a case of allergic asthma nonspecifically desensitized with intramuscular injections of venom protein (crotalin) solution 



Data m Case of Woman Asthmatic Patient, Aged 30, Nonspeafically 
Desensitized with Inti amusculai Injections of Venom 
Piotcin (Ciotalin) Solution 
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higher than 8 per cent and as a rule each week dropped to within the 
normal range Since ‘Aug 22 , 1924, and up to the present time, a 
period of eight months, during which crotahn injections have been 
given at two or three week intervals, the percentage of eosinophils, as 
shown on the chart, has never risen above the normal line 

If my intei pretation of the eosinophilic index is correct these facts 
would indicate immunologically that a state of antianaphylaxis has been 
maintained and that the patient has remained, as I would term it, 
nonspecifically desensitized 

CLINICAL RESULT 

Clinically, it is very interesting to note that the last asthmatic seizure 
was the sevei e paroxysm which the patient had on the night of May 12, 
1924 Since that time (eleven months) the patient has remained entirely 
free from all asthmatic symptoms Moreover, she did not develop any 
hay-fever symptoms during August and September, 1924, the first 
season she had missed for sixteen years Since Sept 1, 1924, this 
patient has been regularly at her library work and reports that she is 
“perfectly well and the enemy is conquered ” 


Data VI Case of Woman Asthmatic Patient, Aged 30, N onspectfically 
Desensitised with Inti amusculai Injections of Venom Protein 
(Cl otalin) Solution — Continued 
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CONCLUSIONS 

1 Nonspecific desensitization therapy has become a recognized 
factor in immunity 

2 Various nonspecific protein agents have been found of clinical 
value in the treatment of allergic asthma and may at times be of benefit 
even when specific serums and vaccines have given no relief 

3 The increase of eosinophils in the diflfeiential blood count in 
true bronchial asthma points significantly to the presence of an allergic 
factor in the affliction 

16 Since this report was written the 1925 season has passed and the patient 
has remained free of hay-fever symptoms 
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4 The varying precentage of eosinophil cells (the eosinophilic index) 
has been found a valuable guide m regulating the strength of dose 
and frequency of administration of venom protein when it has been 
used as a nonspecific desensitizing agent in allergic asthma 



THE NATURE OF SO-CALLED SINO-AURICULAR 

BLOCK 


WILLIAM H RESNIK, MD 

BALTIMORr 

Sino-auricular block is a term applied to a lelatively uncommon 
arrhythmia m which, in an otherwise legular rhythm, dropped beats 
occur, both auricular and ventiicular beats participating m the mtei- 
mittence This definition is not strictly tiue because sino-aunculai 
block is frequently associated with sinus arrhythmia The long pause 
IS not always equal to exactly two normal cycles, being sometimes 
shortei, at other times longer Occasionally, too, the long cycle is pie- 
ceded by a quickening of the auricular rate and is followed by cycles 
that are of somewhat greater duration than the average cycles of the 
normal rhythm 

For a discussion of the literature on the subject of smo-auiiculai 
block, reference may be made to Lewis,^ and also to the papers of 
Levine^ and Eyster and Evans ^ Most of the ai tides are concerned 
with reports of clinical cases In them the view has been generally 
accepted that the arrhythmia is due to a block between the sino- 
auiicular node and the auricle This assumption is based on the fact 
that a block between sinus venosus and auiicle can be pioduced in the 
cold blooded heart when a ligature is placed below the sinus, and also 
because the anangemeiit of beats, which fiequently, but not always, 
takes place at the time the intermittence of the auricle occurs, is veiv 
much like that seen in aunculoventricular block when a ventiiculai 
beat drops out Lewis ^ has pointed out, however, that there is no clear 
anatomic or physiologic basis for the acceptance of this view 

The only experimental work that shows definitely that the airhythmia 
that IS being discussed may actually occur is that of Eystei and Meek ^ 
In one expenment, out of a number, in which the sino-aunculai node 
was separated from the rest of the heait on thiee sides by ligatures and 
a clamp, clamping the fourth side produced a condition in which the 

From the cardiographic laboratory of the medical clinic of the Johns 
Hopkins Hospital and University Medical Department 

1 Lewis, T The Mechanism and Graphic Representation of the Heart 
Beat, London, Shaw and Sons, 1920 

2 Levine, S A Observations on Sino-Auncular Block, Arch Int Med 
17 153 (Jan ) 1916 

3 Eyster, J A E, and Evans, J S Sino-Auncular Heart Block, with 
Report of a Case m Man, Arch Int Med 16 832 (Nov ) 1915 

4 Eyster, J A E , and Meek, W J Experiments on the Origin and 
Conduction of the Cardiac Impulse, VI, Conduction of the Excitation from the 
Sino-Auncular Node to the Right Auricle and Aunculo-Ventricular Node, Arch 
Int Med 18 775 (Dec) 1916 
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transmission inteival between the sino-aui icular node and the auiiculo- 
ventncular node increased progressively until each fifth or sixth impulse 
failed to reach the aunculoventricular node This was proved hy 
placing electrodes over the smo-aui icular and aunculoventricular nodes, 
each pan being connected with an electi ocardiograph In two other 
experiments, by completely isolating the sino-auncular node they were 
able to obtain complete sino-aui icular block, the rhythmic rate of the 
sino-auricular node being greater than that of the rest of the heart 
These expeimients are haidly applicable to the condition as it is 
seen clinically In the first place, there is no evidence that clinically, 
when so-called sino-aui iculai block occurs, the sinus node is completely 
sui rounded by diseased tissue, incapable of tiansmitting impulses arising 
in the sinus In a large percentage of the cases in which sino-auriculai 
block has been present, the arrhythmia has been transient and has 
resulted appaiently from the admmistiation of digitalis, ^ in other cases 
it has been present in apparently healthy individuals, of which one, 
lepoited by Eyster and Evans,^ may be cited However, since sino- 
auriculai block is in most instances dependent on vagal action, as it is 
frequently associated with othei evidences of vagal activity and prac- 
tically always disappeais under atiopin, and since it may be produced 
experimentally by diugs that stimulate the vagus nerves,® it is possible 
that the block between sinus and auricle may be due to vagal tone, just 
as aunculoventricular block may be occasioned by vagal stimulation 
In other words, whereas in Eyster and Meek’s experiments a block 
between sinus and auricle was induced by clamping, clinically a com- 
parable block may be due to vagal tone This argument, too, is invalid 
when one attempts to diaw an analogy between the experiments of 
Eystei and Meek, and the condition as it is seen clinically It has been 
shown by Lewis and Drury ® and more recently by Drury ■ that when 
impulses from one part of the auricle are impeded in their transmission 
to another by clamping, vagal stimulation den eases the block rather than 
increases it Whether this is true exactly at the smo-auricular junction 
IS not known But in the experiments of Eyster and Meek the clamp 
was placed a few millimeters fiom the border of the sinus node on 
auricular tissue One cannot, then, diaw inferences as to the clinical 
condition from these experiments All that one can say is that they 
demonstiate the possibility of the occurrence of clinical smo-auncular 

5 Cushny, A R The Irregularities of the Mammalian Heart Observed 
Under Aconitin and on Electrical Stimulation, Heart 1 1, 1909-1910 Eyster, 
J A E, and Meek, W J Cardiac Irregularities in Morphin Poisoning in the 
Dog, Heart 4 59, 1912-1913 

6 Lewis, T, and Drury, A N The Effect of Vagal Stimulation on Intra- 
Auricular Block Produced by Pressure or Cooling, Heart 10 179 (April) 1923 

7 Drury, A N Further Observations Upon Intra-Auricular Block Pro- 
duced by Pressure or Cooling, Heart 12 143, 1925 
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block due to a lesion similar to the one they have produced experi- 
mentally, but that most clinical cases probably do not fall into this 
group Barker and Kinsella ® have described sino-auncular block in a 
dog the subject of experimental streptococcus endocarditis On histo- 
logic examination it was found that the sinus node, practically normal 
itself, was completely surrounded by diseased tissue However, the^ 
are clear m stating that their observation is not applicable to the explana- 
tion of most instances of clinical sino-auncular block 

In former experiments ® it has been shown that following the intra- 
\enous injection of pituitary extract into normal unanesthetized dogs, 
there developed an arrhythmia which is similar to the one termed sino- 
auncular block, dependent on cential stimulation of the vagus nerves 
As the effect of the pituitary extract wore off, sinus arrhythmia appeared 
Since there was no sharp transition between the two types of irregular- 
ity, the one merging gradually into the other, it was suggestive that there 
was an intimate relationship between the two The sino-auncular block 
seen in these experiments seemed to be comparable to that which one 
observes clinicall}', and an opportunity was offered of investigating this 
arrhythmia further By placing electrodes directly over the smo-auriculai 
node, at the same time using one of the usual leads, and recording the 
activity of the sinus and of the auricle as a whole simultaneously, it 
appeared possible to determine whether or not the irregularity was due 
to a block between the sinus and the auricle If a block actually exists, 
one should obtain on the same record evidence of sinus activity at the 
time the auricular beat drops out On the other hand, if the inter- 
mittence is due to a failure of the sinus to generate an impulse, then 
there should be an absence of activity of both the sinus and the auricle 
as a whole 

EXPERIMENTAL METHODS 

Six experiments were done, only three of which are described below 
The other three are discarded because after the chest was opened the 
injection of pituitary extract had practically no effect except to slow the 
rate of the heart In the three that are reported below, medium size 
dogs were used They were anesthetized by the subcutaneous injection 
of morphin (or pantopon), followed within fifteen minutes by the 
administration of urethan by stomach tube The exact amounts of the 
drugs are given in the protocols In order to minimize the disturbances 
that might result from the operative procedure, 0 5 per cent procain 
solution was used locally A part of the fourth right rib was resected 

8 Barker, P S , and Kinsella, R A Smo-Auncular Block m a Dog 
Suffering from Experimental Streptococcus Endocarditis, Heart 11 81, 1923 

9 Resnik, W H , and Geiling, E M K The Action of Pituitary Extract 
on the Heart of the Unanesthetized Dog, J Clin Invest 1 217 (Feb )'l925 
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under artificial respiiation (intiatracheal insufflation), this afitoiding 
ample exposure of the heart A small incision was made in the peri- 
cardium over the sulcus terminalis, and woolen threads moistened with 
physiologic sodium chloiid solution were attached to the surface of the 
heart, the upper one just below the cavo-appendicular junction, the lower 
one a few millimeters below this, both on the sulcus terminalis These 
electrodes were situated, then, over the normal pacemaker of the heart 
The woolen threads were attached to the heart by very fine silk ligatures 
placed in the epicardmm, the area of contact with the surface of the 
heart being about 2 mm in diameter The woolen threads were then 
insulated by leading them through small glass tubes which extended 
from the surface of the heait (particulai care being used to see that 
these ends of the glass tubes weie smooth and rounded) and out through 
the chest wall The wound in the chest wall was then closed after the 
air in the pleural cavity was evacuated, respiration then being carried 
on automatical!}’’, a small stream of oxygen flowing through the intra- 
tracheal cannula The protruding ends of the woolen thieads were then 
inserted into kaolin plugged glass tubes filled with a saturated solution 
of copper sulphate in which were the ends of the wires leading to one 
galvanometer, which now recorded the electrical activity of the sino- 
auricular node To another galvanometer were connected small German 
silver electrodes sewn under the skin of the right upper and left lower 
limbs (Lead II), this galvanometer lecording the activity of the auricles 
as a whole, and, of couise, of the ventricles Both lecords were taken 
simultaneously on the same film 

After several records of the normal heait’s action were taken, from 
0 5 to 1 cc of pituitary extract (Armour’s Pituitary Liquid) was 
injected intravenously and further lecoids were made Finally, atropin 
was injected, or the vagus nerves tied, in order to determine the effect 
of vagal release on the arrhythmias that were produced After the com- 
pletion of the experiment, the heart was removed and careful note 
made of the position of the woolen threads In addition, the tissue 
lying beneath these electrodes was removed for histologic examination 
in order to determine whether they actually lay on the sino-auricular 
node It may be stated at once that in none of the experiments was the 
pacemaker of the heart displaced from its normal site at the head of the 
sino-auncular node 

RESULTS 

Experiment 1 — A dog weighing 30 pounds (13 6 kg ) was anesthetized with 
90 mg of morphin and 14 gm of urethan The upper electrode on the surface 
of the heart was 2 mm below the cavo-appendicular junction, the lower one 


10 Lewis, T , Oppenheimer, B S , and Oppenheimer, A The Site of 
Origin of the Mammalian Heart Beat, the Pacemaker m the Dog, Heart 2 147, 
1910-1911 
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4 mm below the upper, both lying on the sulcus terminahs Histologic exami- 
nation of the tissue lying beneath these threads proved that they were situated 
on the sino-auricular node Figure 1 is a photograph of the heart after removal 
from the body, showing the position of the woolen threads 

Following the injection of 1 c c of pituitary extract, there appeared in a 
number of records an arrhythmia that was typical of so-called sino-auncular 
block In 110 instance was thei e any evidence of sinus activity during the long 
pauses, which were appi ovimately twice the length of the normal cycles Figure 2 
illustrates the arrhythmia that was seen, the upper curve being a record taken by 
Lead II, the lower one a record taken from the electrodes placed directly on the 
sino-auricular node It is clearly seen that there is a complete absence of 
demonstrable activity in the sino-auricular node as well as in the auricle as a 
whole during the long pause In Table 1 are the measurements of a number 
of successive cycles in several of the records that were taken in this experiment, 
the figures in heavy tj^pe being those of the long cycles 



Fig 1 — Heart of dog used in Experiment 1 (X three-fourths, approximately) 
A, B and C, strings attached to tip of right auricle, superior vena cava and inferior 
vena cava, respectwely, D and E, upper and lower woolen threads attached to 
surface of heart, both lying on sulcus terminahs, just below cavo-appendicular 
junction, histologic examination of tissue lying beneath these threads showed 
that thej were situated on sino-auricular node 

In Figure 3 are charted the measurements which are given in Table 1 (except 
those of Record 12) 

This figure demonstrates more clearly perhaps the changes that occurred 
during the experiment Record 3 is one taken before the administration of 
pituitary extract, it shows but slight variation in the length of the cycles 
Records 5 and 6 are quite t>pical of sino-auricular block, the long pauses having 
about twice the duration of two average short cycles Record 10, taken when 
the effect of the pituitarv extract was wearing off, is that of an ordinary sinus 
arrhv-thmia Record 11 was taken after the injection of a second cubic centimeter 
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of pituitary extract The curve of the cycles differs from those of Records 5 
and 6, m tliat following the long pause there is no rapid return to the normal 
rh 3 dhm, instead there is a more gradual slope m the descending limb of the 
curve Finalty, Record 13 shows the complete disappearance of the arrhythmia 
after vagal paralj-^sis 

Experiment 2 — A dog weighing 34 pounds (15 4 kg) was anesthetized with 
morphin, 48 mg, pantopon, 21 mg, and urethan, 15 gm The upper electrode 
on the surface of the heart was 2 mm below the cavo-appendicular junction, 
the lower one 5 mm below the upper one, both Ijung on the sulcus terminahs 
Histologic examination of the tissue beneath the electrodes proved that they were 
resting on tlie sino-auncular node 


Table \—Meastncvicnts of Successive Cycles m Seveial Rccoids Taken 
Bcfote and Aft-ei the Injection of Pitmtaiy Extiact 
m Expetiment 1 


Measurements of P-P Inten nls * 

Seconds 

Record , ^ Remarks 


3 

0 52 

0 54 

0 52 

0 51 

0 51 

Before injection of pitui 


051 

050 

0 47 

0 46 

0 51 

tnry extract 


0 46 

050 

0 49 

0 49 



5 

0 70 

0 70 

0 71 

1 41 

0 65 

Records 5-10 taken after 


073 

0 70 

1 36 

0 71 

0 67 

1 c c of pituitary extract 


083 

062 

1 42 

OOS 

0 70 

6 

OCl 

061 

OOS 

1 57 

0 67 



OSO 

0 02 

0 72 

1 43 

006 



OGS 

0 09 

072 

068 

0 00 



0 90 

0 09 

072 

069 

1 41 



064 

062 

0 57 




10 

0 59 

053 

0 60 

0 02 

0 73 

15 minutes after 1 cc of 


0 71 

058 

0 67 



pituitaij extract ivas in 
jected 

11 

0 01 

000 

001 

1 39 

0 96 

Records 11 and 12 taken 


0 75 

080 

0 72 

086 

0 73 

after a second cubic 


0 76 

072 

0 78 

OOS 


centimeter of pituitary 
extract iras injected 

12 

0 57 

0 02 

000 

0 00 

1 44 



0 78 

089 

060 

1 00 

0 75 



0 73 

0 74 

084 

0 72 

0 86 



0 07 

0 00 

004 

0 61 



13 

0 40 

0 40 

0 40 

0 39 

0 39 

After the injection of 3 


0 39 

0 39 




mg of atropm mtra- 


venously 


* The figures in this and the subsequent tables are to be lead from left to nght 


The normal records showed a moderate irregulantv due to sinus arrhythmia 
Following the injection of pituitary extract, there appeared m successive records 
an arrhythmia which is rather difficult to classify The irregularity seemed to 
be due to a typical sino-auricular block, or to an unusual sinus arrhythmia, or 
perhaps to a combination of both types of irregularity In no lecoid, out of the 
nuinbei that weie taken, was theie any evidence in the electi ocai diogi aphic lecoid 
of activity of the sinus node duiing the long cycles In other words, the records 
showed, as did those of the experiment described above, that the dropping out of 
the auricular beat during the long pauses is not due to failure of conduction of 
the impulse from sinus to the auricle, it is due rather to failure of an impulse 
to arise in the sino-auncular node 

In Table 2 are given the measurements of successive cycles in several of the 
records taken during this experiment These (except Record 12) are charted in 
Figure 4 Only the first of each group of long cj’^cles is given m heavy tj'^pe 
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Fig 2 — ^Upper curve, record from Lead II, lower, from electrodes placed 
direetly over upper end of sino-auncular node, records were taken simultaneously 
on the same film, time lines are 02 second apart, upper curve is standardized 
so that 1 millivolt equals 5 mm , lower so that 1 millivolt equals 4 mm , slight 
distortion of time lines where two curves merge, probably due to error of 
adjustment of prisms , vibrations in lower record due to induced currents caused 
by operation of nearby electric fan 



Fig 3 — P-P intervals of successive cycles in records in Experiment 1, 
Record 3, before injection of pituitary extract, Records 5, 6, 10 and 11, after 
pituitarj extract was given. Record 13, after vagus nerves were paralyzed 
b> atropin (Table 1 and text) 
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The curves of the cycles m the records taken aftei injection of pituitary 
extract show many gradations between so-called sino-auncular block and 
sinus arrhythmia In most of the curves, there is a steep upstroke, such as 
one sees in sino-auncular block, Records 3 and 5 are examples But the onset 
of the long pause is not always so abrupt Record 4 is an instance in winch the 
third cycle, just before the long pause, is itself considerably longer than the 
two preceding cj cles In Record 13 the long cycle is ushered m by two moderately 
long cycles 

The downstroke of the curves is much more gradual, and it is dinicult to 
judge when the long cjcles, ordmarilj’^ attributed to sino-auncular block, leave 
off, and when the normal C 3 cles begin Record 11 of Figure 3 represents a type 
intermediate between those shown m Figure 4 and several in higure 3 The 
downstroke of the curve is less steep than those of Records 5 and 6 of higurc 3, 
but It IS more abrupt than those of Figure 4 

Table 2 — M casta cmcut<; of Sttccc^stvc Cycles ui Sivcial Rccotd<; Taken 
Befote and Aftct lltc Injcclton of Pifiii(o»v E\hact 
at Et foaneni 2 


Mca'iirciiicnts of P P Intcnnl*; 

Soiondc 

Record , ' . PcniiirLs 


3 

0 52 

0 -.3 

0 31 

0 37 

0Ct> 

Before injctlion of pitiil 


0 74 

071 

009 

0 03 

OO.) 

tiir\ exlrntt 


0 01 

001 





3 

0 71 

001 

0 33 

OCO 

1 05 

Hetord® 313 tuLen niter 


103 

0 90 

091 

090 

0S<> 

ndniinlslr itlon of 1 cc 


0 70 

OOI 

0 33 

0 73 

1 31 

of pituitnrN extract 


1 29 

1 01 

100 

0 90 



4 

dm 

0 39 

091 

134 

1 22 



1 09 

1 01 

0 93 

0 9(, 

0 92 



0 74 

0 01 

0 70 

1 20 

1 30 



1 22 






3 

0 72 

0 08 

1 38 

1 IS 

1 40 



1 30 

1 17 

1 20 

1 10 

009 



0 70 

0 77 

080 

0 78 

0 80 



105 

1 27 





12 

OCS 

0 59 

0 73 

0 78 

1 00 



1 00 

000 

077 

0 09 

ooo 



058 






13 

001 

058 

0 80 

07) 

1 09 



1 04 

0 95 

OSl 

0 73 

0 02 



058 

071 

0 70 




IT 

0 40 

0 40 

0 41 

0 41 

0 11 

\llor ndmlnf'strntion of 1 


0 41 

0 11 

041 

0 11 


nip of ntropliin 


There were numerous dropped ventricular beats in addition to the foregoing 
irregularities following the administration of pituitary extract Under the influ- 
ence of atropin, the rhj'thm became cntirelj’ normal 

Experiment 3 A dog weighing 22 pounds (10 kg) was ancsthetwed with 
pantopon, 64 mg , and urethan, 10 gm The upper electrode was placed 2 mm 
below the cavo-appendicular junction, the lower one 6 mm below the upper, 
both on the sulcus terminalis Histologic examination of the tissue beneath the 
electrodes on the surface of the heart revealed sino-auncular nodal tissue 


This experiment may be described briefly There was a slight irregularity of 
tne rhythm which was accentuated after the administration of pituitary extract 
and which disappeared when the left vagus nerve was lied Table 3 contains 
the essential data ■which arc illustrated in Figure 5 

pituitary extract, shows in the fourth 
comLrahf'f^fh''’'^’ ^ cycle is scarcely long enough to be considered 

Kot ti^„.nnli°'" b ock. It is the rccord, then, of a definite 

ut not unusually marked sinus arrhythmia In this record, too, the auricular 
and sinus activities were synchronous aunciuar 
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Fig 4 — P-P intervals of successive cycles in records in Experiment 2, 
Record 2, before injection of pituitary extract, Records 3, 4, 5 and 13, after 
injection of pituitary extract. Record 17, after administration of atropin 
(Table 2 and text) 


Table 3 — I^Ieasui cinenfs of Successive Cycles in TJuce Recoids Taken 

Dm mg Evpeiiment 3 


Moasurcmcnts of P P Inters als 
Seconds 

Record , « , Eennrl^s 


3 

0 35 

0 37 

0 46 

0 4G 

0 45 

Before injection of pitui 


0 4“ 

0 4S 

0 45 

0 39 

0 39 

tary extract 


0 37 





f. 

0 53 

0 52 

0 36 

0 82 

0 62 

After injection of 1 c c of 


0 50 

0C7 

053 

053 

0 55 

pituitary extract 

14 

0 31 

030 

0 31 

0 30 

0 31 

After the left vagus nerve 


0 31 

OSl 

0 31 

0 31 


■nas tied 



RESNIK—SJNO-A URICULAR BLOCK 


797 


COMMENT 

It may be faiily stated that the anhythmia of Experiment 1 was 
typical of the one to which the teim smo-auiiculai block has been given, 
and the arrhythmia seen in Expeiiment 2 was closely i elated to so-called 
smo-auricular block, if not absolutely chaiacteiistic It may also be 
accepted that these in egularities of ihythm, aiising fiom \agal stimula- 
tion, were hi ought about in a manner essentially identical with that 
which underlies clinical sino-auiiculai block If these assumptions aie 
valid, then the theoiy of sino-aunculai block, as it is applied to the clin- 
ical case, IS thrown out of couit Theie is no evidence from the records 
that I have obtained that during the long cycles, impulses arising in the 
sinus node are impeded in their tiansmission to the auricle The simul- 
taneous records show, rather, that theie is a complete cessation of activ- 
ity of the sinus node, so far as such activity is demonstrable by the 
electrocardiograph As I have indicated befoie, it is possible that chn- 

Record see . 

14 .30. 


.80, 

6 .70. 

.60, 


3 ,40. 


Cycles 12 3 8 9 ID il 

^16 5 — P-P intervals of successive cjclcs in records in Experiment 3, 
Record 3, before injection of pituitary extract, Record 6, after injection of 
pituitary extract, Record 14, after left vagus nerve was tied (Table 3 and text) 

ical cases might occur in which there was actually a block between sinus 
and auricle Most, if not all, of the lepoited cases almost certainly do 
not fall into this group, and for this leason the term sino-auncular 
block is an incorrect one Sino-auiicular standstill would be a more 
accurate expression of the clinical condition 

It has been obseived before ^ that so-called sino-aui icular block is 
frequently associated with sinus airhythmia The expel iments I have 
reported point rather definitely to the leason for this coincidence One 
can detect in a series of curves practically all transitions between typical 
sino-auncular block and typical sinus anhythmia So-called sino- 
auricular block is really a special foim of sinus arrhythmia, and m these 
experiments, as in most clinical cases, both irregulai ities are due to the 
influence of the vagus nerves on impulse foimation in the sino-auncular 
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node While so-called sino-auncular block is usually due to vagal 
influence, it is not necessarily always brought about by this cause 
Expenmentally, I have observed on one occasion the appearance of this 
arrhythmia in the late stage of anoxemia, when the heart was completely 
under the influence of atropin , but in this experiment, too, there was 
definite evidence that impulse formation in the sino-auncular node was 
being depressed by direct effect of anoxemia on the myocardium 

SUMMARY AND CONCLUSIONS 

1 When so-called sino-auncular block comparable to that seen 
climcall}' IS produced experimentally, there is no evidence that a block 
exists between the smo-auricular node and the auricles Records taken 
simultaneously from Lead II, and from electrodes placed directly on the 
smo-auricular node, show a complete absence of demonstrable sinus 
activity during the long pauses The arrhythmia is due, not to failure 
of conduction from sinus to auricles, but to failure of an impulse to 
arise in the sino-auncular node during the long pause 

2 Since “sino-auncular block” does not properly designate the 
arrhythmia to which it has been applied, in most, if not all, chnical cases 
It IS a term that should be dropped “Sino-auncular standstill” is sug- 
gested as a more accurate expression of the condition as it is seen 
chmcally 

3 Practically complete transitions between sino-auncular standstill 
and sinus arrhythmia may be obtained in a series of records taken after 
the injection of pituitary extract This is due to the fact that both 
irregularities occur as the result of vagal influence on impulse formation 
in the sino-auncular node Sino-auncular standstill is merely a special 
form of sinus arrhythmia 

11 Resnik, W H Observations on the Effect of Anoxemia on the Heart, 
III, Changes in the Auricles, with Particular Reference to the Relationship 
Between Anoxemia and Auricular Fibrillation, to be published 



IDENTIFICATION OF TliREE TYPES OF 
MONONUCLEAR PHAGOCYTES IN 
TliE PERIPHERAL BLOOD*" 


FRANK A McJUNKIN, MD 

ST LOUIS 


The presence in the peiipheial blood of a i datively laige numbei 
of granular polymoi phonuclear leukoc 3 tes and of lymphocytes has 
greatly facilitated the investigations by means of which these white 
blood cells have been traced to the bone marrow and to the lymphoid 
tissue, respectively The deteimmation of the origin of the mono- 
nuclear phagocytes which are much less numeious in the noimal blood 
has been attended with gi eater difficulty Ehihch,^ by the use of dif- 
feiential staining and espccialh by the method cmplo}ing the tiiacid 
stain, recognized in the blood a large mononucleai leukocyte which he 
thought came from the spleen and the bone maiiow and which was in 
the circulating blood transfoi med into the pol} moi phonuclear leukocyte 
He observed fui ther that some mononucleai leukocytes had indentations 
in the nuclei together with a few fine gianiiles in the cytoplasm, and 
these he regarded as the transitional forms between the mononuclear 
leukocyte and the polymoi phonuclcai ncutiophil The two terms 
“large mononuclear leukocyte” and “tiansition.d leukocyte” ha\e been 
retained rathei persistently by clinical hematologists although the view' 
held by Ehilich of their oiigin has gcncially been consideied mcoirect 
Mallory ^ in 1898 named the mononuclear phagoc) tes of typhoid 
lesions “endothelial leukocytes ” Since that time cumulative evidence 
has given much suppoit to the view that the mononuclear phagocytes 
in the tissues and blood arise fiom endothelium Aschoff and Kiyono ® 
by vital staining with colloidal dyes traced these fiee cells to the leticulo- 
endothelium Sabin,^ in the chick embryo, saw^ endothelial cells detach 
themselves from the -walls of veins and become free in the lumina of 
the vessels After marking the vasculai endothelium by the intiavenous 


the department of pathology, Washington University School of 

Medicine 

I Ehrlich, P Ueber die Specifischei Granulationen des Blutes, Aich f 
Anat u Physiol , 1879, p 571 

3 611 1898°^^' ^ ^ Histological Study of Typhoid Fevci, J Exper Med 

1011 ^ Kiyono, K Zui Frage der Grossen Nonoiniklcaren, 

1913, Foha Haematol 15 383, 1913 

^ Studies on the Origin of Blood Vessels and of Red Blood 
of Living Blastoderm of Chicks During the Second Day 

P 213 Embryology 9, Carnegie Inst Publication 272 
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injection ot carbon in suspension, 1= observed the carbon laden cells 
to undergo mitosis and to separate and assume the same appearance as 
the free phagocytes 

Recently Sabin, Doan and Cunningham® gave the first noteworthy 
evidence that these phagocytes are not of a single type by demonstrating 
in peritoneal exudates with supravital stains a cell with the neutral red 
granules grouped in the hof of the nucleus in the form of a rosette in 
distinction to a second type with neutral red granules scattered diffusely 
The final conclusions reached by Cunningham, Sabin and Doan^ are 
that the rosette type of cell is the monocyte and that it arises 
in common with the granular leukocytes and lymphocytes from a 
mesenchymal or reticular stem cell and that the clasmatocytes and 
the erjdhroblastic cells arise from endothelium They were suc- 
cessful in demonstrating the rosette cell in the spleen, bone mar- 
row, omentum and liver but did not identify it in the lymph 
nodes ® I ® repeated their experiments on the peritoneal exudates 
of rabbits and in addition to the two types described by them 
found a third “hyaline” type with little affinity for neutral red Exam- 
ination by me of the lymph nodes, spleen and liver, fresh and in paraffin 
sections that had the dye mordanted in them, gave evidence which 
appears to be conclusive that the rosette type of cell first described by 
Sabin and her co-workers, Doan and Cunningham, arises from the 
reticulo-endothehum of the lymph nodes The free cells of this type 
were seen to undergo mitosis but only in the lymph node have they 
been demonstrated to arise from fixed tissue 

In rabbits that have received many intrapentoneal injections of 
whole rabbit’s blood evidence of the ongin of the rosette cell from the 
reticulum of the lymph nodes seems beyond controversy In the 
enlarged nodes of such rabbits perfect rosettes are present in the large 
attached endothelial cells The large rosette cells that are present both 
in peritoneal exudates and in lymph nodes are essentially abnormal, 
stimulated forms but such rosettes afford direct evidence of the identity 
of the two cells It was observed in rabbits previously injected intra- 
venously with large amounts of India ink that one-half the hyaline 

5 Mcjunkm, F A The Origin of the Phagocytic Mononuclear Cells of 
the Peripheral Blood, Am J Anat 25 27 (Jan ) 1919 

6 Sabin, F R , Doan, C A, and Cunningham, R S The Separation of 
the Phagocytic Cells of the Peritoneal Exudate into Two Distinct Types, Proc 
Exper Biol & Med 31 330, 1924 

7 Cunningham, R S , Sabin, F R, and Doan, C A The Development 
of Leukocytes, Lymphocytes and Monocytes from a Specific Stem Cell in Adult 
Tissues. Contribution to Embry ology% Carnegie Inst of Wash Publication 361, 
p 227 

8 Cunningham, Sabin and Doan (Footnote 7, p 259) 

9 Mcjunkm, F A The Origin of the Mononuclear Phagocytes of Peri- 
toneal Exudates, Am J Path 1 305 (May) 1925 
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cells may contain ink pai tides at a time when less than one in a hundied 
othei mononucleai phagocytes earned ink gianule'^ Ihe Kupft'ei cells 
of the liver react to neiitial led, to tiypan blue and to caibon in suspen- 
sion aftei the fashion of the hyaline type These obsci rations indicate 
that the “hyaline” cells piesent in the exudate aie deined fioin vasculai 
endothelium of the t)pe that lines the sinusoids of the hvci The 
“hyaline” cell, especially when phagocytic, may acquiie more of the 
iieutial led, but the phagocyte, abundant in the exudates and chaiac- 
teiized by a diffuse neiitial red gianulalion. was thought to aiisc chiefly 
thiough a dispersion of the neutial led granules of the losette cell with 
loss of the wieath appeal ance At an earhei date I ’ adopted the Mal- 
loiy teini of “endothelial leukocyte” foi the mononucleai phagocytes 
It IS the onl} teim that names accuratel} the oiigin of these phagocytes 
Sepaiation of the group into the lymphcndothehoc} tes of lymph vascular 
oiigin and the hemendothelioc} tes of blood \ascular oiigin now appeals 
possible, at least under certain expeiimental conditions 

Sabin, Cunningham and Doan constantly lefci to the loscttc type 
of cell as the monoc3de of the rabbit’s blood and appl}’^ to it this term, 
which Naegeh applied to the granulai oxydase i eacting mononuclear 
cell of peripheral human blood Simpson “ found no mononuclear cells 
present in the blood of the rabbit which give the oxydase icaction and 
I ® found this to be true for the pei itoneal exudate cells so far as the 
peroxydase reaction with benzidin is concei ned By comparison of the 
mononuclear cells of human blood that react to benzidin with those that 
ingest carbon in vitro the conclusion was i cached by myself and 
Charlton in 1918 that the benzidin reacting cell of the peripheral blood 
was the endothelial phagocyte of the tissue Subsequently in 1924 T 
devised a method by wdiich peroxydase staining was made applicable 
to paraffin sections of human tissue and found that onl}' small foci 
of reacting cytoplasm were demonstiable in occasional KuplTcr cells 
and that no cells of the human lymph gland reacted The iiiegular 
reaction seen occasionally in phagocytic endothelium had the appeal ance 
of phagocytized material In the paiaffin sections leactiiig mononuclear 
phagocytes were seen only in the spleen This disci epancy between the 
blood and the tissues as legaids peroxydase staining with benzidin was 
not explained at that time The piesent investigation of the blood was 
therefoie undertaken to determine fiist the occuiience in the hlood of 


10 Naegeh, O Blutkrankheiten tind Blutdiagnostic, Berlin, 1923 

11 Simpson, M E The Experimental Production of Macrophages in the 
Circulating Blood, J M Res 43 77 (Apnl-May) 1922 

FrifiA+i 1 ^'^f ^ ^ Charlton, A G The Practical Identification of 

(Aug Differential Blood Counting, Arch Int Med 22 157 
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hemendotheliocytes and the lymphendotheliocytes, which had previousl) 
been demonstrated m peritoneal exudates,® and, second, the relationship 
of these two phagocytes to the mononuclear benzidin leacting phago- 
cytes of human blood 

METHODS 

Method A Phagocyfosis in Vitro — ^To 2 cc of 3 8 per cent 
sodium citrate solution in a graduated centrifuge tube, 3 c c of blood is 
added The citrated blood is mixed with 1 drop of India ink (Higgins’) 
and the mixture incubated at 37 C for ten minutes The mix- 
ture IS centrifugated at low and then at high speed and the tube, after 
the careful complete removal of the supernatant liquid, returned to the 
incubator for fifteen minutes The leukocytic layer is removed with a 
capillary pipet and smears are made on slides It is essential to spread 
out completely the droplet and to guard against the smear reaching the 
edge of the slide, otherwise, most of the leukocytes ma^ be lost A 
small bulb pipet with the capillary at an angle of 135 degrees is con- 
venient for removal of the liquid from the centrifuge tube The 3 cc 
of blood ma) be obtained from the finger of some person by ‘'milking” 
after punctuiing deeply near the thumb angle of the nail In the 
gmnea-pig the blood is obtained from the heart By placing a rabbit 
head downward held firmly in a suitable box this amount of blood 
flows readily from the marginal ear vein after insertion and removal 
of a large needle The phagocytosis obtained with human blood is 
quite complete but is very much less satisfactoiy in the case of the 
guinea-pig and the rabbit 

Method B Pei oxydase Staining of Snieais with Beimdm ^'^ — ^The 
fresh preparation of the leukocytic layer is coveied for from thirty to 
sixty seconds with about 10 drops of an alcoholic solution of benzidin 
consisting of 100 mg of dry benzidin dissolved in 25 c c of acetone-free 
80 per cent methyl alcohol that contains 1 drop of hydrogen peroxid 
To the alcoholic solution 10 drops of distilled water is added and two 
minutes are allowed for the reaction to take place In the case of 
gumea-pig oi rabbit blood the reaction requires from five to ten minutes 
Smears of gumea-pig or rabbit blood must be treated as soon as they 
become dr}"^ but the leukocytes of human blood react after several 
hours The solution is washed off and hematoxylin (Harris’ without 
acetic acid) applied for from twenty to sixty seconds The hematoxylin 
is followed by 0 01 per cent eosin solution foi twenty seconds The 

14 Mcjunkin, FA A Simple Technique for the Demonstration of a 
Phagocjtic Mononuclear Cell m Peripheral Blood, Arch Int Med 21 59 (Jan) 
1918 

15 Mcjunkin, FA A Benzidm-Polychrome Stain for Blood, JAMA 
74 17 (Jan 3) 1920 
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pieparation may also be stained by allowing Wiigbt’s stain pioperly 
diluted to act foi fiom five to ten minutes 

Method C Pc) o'lydasc Sfouiwg with Bcncidiinn Pai a ffiu Sections 

The tissue, fixed foi one day m 4 pei cent foimaldehyd solution js 

cut into small bits not moie than 2 mm m thickness, placed in 70 
pel cent acetone solution toi two horns, pine acetone foi thnty min- 
utes, benzene foi twenty minutes, and 52 C paiaffin for twenty 
minutes Thin sections aie attached to slides bj allowung them to dry 
ovei night at room tempeiatuie The paiaffin is lemoied wuth benzene 
(ten seconds) and acetone (ten seconds) The sections aic coiered 
ivith the diluted benzidin solution foi five minutes, wmshed and stained 
wuth hematox}lin and eosm, as m Method B Aftei the eosm is wmshed 
off the excess of w'ater is caie fully lemoved wnth a soft cloth and the 
preparation dehydrated w'lth acetone (ten seconds) and benzene (ten 
seconds), wdien it is mounted in balsam To dehydiate in so short a 
time the solutions aie lun ovei the piepaiations fiom dropping bottles 

Method D Siipiavital Staimng of Leukocytes 7\jith Ncnlial Red — 
In a centnfuge tube, to 10 c c of a neutral led solution consisting of 19 
parts of saline solution and 1 pait of saline solution satin ated wnth 
neutral red (Gruebler) 2 oi 3 drops of the fresh leukocytic layei with- 
out ink IS added Aftei being mixed and allow’ed to stand foi aliout 
ten minutes the cells aie sedimented in the centnfuge tube and all of the 
supernatant liquid except about 2 drojis is lemoved With a plat- 
inum loop the cells are mixed wnth the liquid and a small dioplet is 
transfeired to the centei of a co^el glass iimmed with pcliolatum and at 
once inverted on a slide for examination wnth oil immeision lens The 
cells are permitted to lemain m the citiate the shoitest time possible 

Method E Zenkcr-Foimaldehyd Solution (Foi mol) JMethod of 
Moidantmg the Snpiavital Dye in Snieais^ — The leaction has usually 
reached the maximum intensity aftei about foity-fiie minutes contact 
with the dye Heavy smears are made and just as diying becomes 
complete they are diopped into a solution consisting of 5 paits of 
40 per cent formaldehyd and 95 paits of Zenker’s fluid wnthout acetic 
acid After two houis’ fixation the prepaiations aie w^ashed and at 
once coveied with hematoxylin (Harris’ without acetic acid) foi two 
minutes The hematoxylin is washed oft and the slides immediately 
blotted dry The dye gianules aie w^ell preserved but the nuclear 
staining is faint 

Method F lodtn Vapoi Method of Moidantmg the Supi avital Dye 
in Smeats — Tissue cultures stained supiavitally have been successfully 
fixed in lodin vapor foi microscopic examination and photogiaphic pui- 
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poses by Lewis The smears of the fresh leukocytic layer, as they 
become dry, are placed for thirty minutes above lodm crystals in a glass 
jai 4 inches (10 1 cm ) in diameter and 6 inches (15 2 cm ) high with a 
ground glass cover They are removed from the lodm vapor, covered 
with hematoxylin (Harris’ without acetic acid) for one minute, washed 
and at once blotted dry with filter paper The nuclei are well stained 
with hematoxylin, but the dye granules are apt to range from brown to 
black Lewis does not mention using a nuclear stain 

Method G Zenkei-Fotvialdehyd Soluhon (For mol) Method of 
Preset ving Supiavital Stains m Paiaffin Sections^ — ^Under anesthesia 
or immediately after removal from the living body a saline solution 
saturated with neutral red (Gruebler) is injected into the lymph nodes, 
spleen or liver until the tissue becomes distended by the liquid A 
second injection after a few minutes is advisable After a half-hour 
the tissue is placed for twelve hours in Zenker-formaldehyd solution 
' (formol) consisting of 15 cc of 40 per cent formaldehyd and 85 cc 
of Zenker’s fluid without acetic acid It is then cut into pieces not to 
exceed 3 mm m thickness and transferred to Zenker’s fluid without 
acetic acid for from twelve to twenty-four hours The bits of tissue 
are then placed in pure absolute acetone for one hour (two changes), 
m benzene for twenty minutes and in 52 C paraffin for twenty 
minutes Extra thin sections are then attached to slides with albumin 
fixative by allowing to dry over night at room temperature To stain, 
the paraffin is lemoved with xylene (ten seconds) and pure acetone 
(ten seconds) After immersion in water (five seconds) the slide is 
stained verj lightly with hematoxylin (Harris’ without acetic acid) 
for about five seconds The section is then dehydrated with pure 
acetone for ten seconds, at once covered with xylene for ten seconds 
and mounted in balsam To limit the action of the acetone and xylene 
to these times, the slides aie stained singlj- and the solutions run over 
them from dropping bottles 

MONONUCLEAR PHAGOCYTES OF RABBIT’s BLOOD 

A normal labbit. Rabbit H 16 (accompanying table), was one of 
several full grown rabbits examined In supravital films (Method D) 
before any injections had been made, there were present 3 per cent 
lymphendotheliocytes (the count from a fresh preparation) The blood 
of this rabbit was frequently examined to determine the occurrence 
in it of a carbon marked mononuclear cell that did not react to neutral 
red (Method A, folloived by Method D), but no such cell was found 
On this basis it w'as concluded that hemendothehocytes were not piesent 

16 Lewis, W H Endothelium in Tissue Cultures, Aiii J Anat 30 39 
1922 
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Satisfactory phagocytosis of caibon has laiely been obtained in the 
citrated blood of the labbit oi guinea-pig Examination of smears 
(Method B) showed an absence of benzidin leacting mononuclear cells 
All mononucleai phagocytes reacting to neutral red were considered 
to be of the lymphendothelial type In the fiesh films they are about 
the size of the polymoiphonucleai leukocytes with most of the dye in a 
focus but frequently dye gianules aie piesent elsewhere m the cyto- 
plasm In an occasional cell the dye is in the foim of a characteristic 

Rabbit H 16, Weight, 2,010 Gm 


Date Trcntmcnt 

4/ ^[05 10 c c of blood Jnlrnpcrltone Ul\ 

(after blood p\nmination) 

4/ 7/25 10 c c of blood intrapcritoncnlb 

4/ 8/25 40 c c of blood intrnpcntoncnlly 

4/10/25 4 cc of ink intrn\cnously 1 (after 

blood exaiTimationl 

4/13/05 4 cc of ink intrn%cnou5l} (after 

blood examination) 

4/14/25 

4/20/25 4 CC of ink intra^cnoiish 

4/21/25 

4/22/25 

4/27/25 4 c c of ink intravcnouslj 

4/28/25 4 c c of Ink (after blood exnmlnn 

tion) 

4/29/25 15 c c of blood intrnpcntoncally 


4/30/25 20 c c of blood Intrapcrltoiicallj 

5 c c of ink intraacnouslj 

5/ 1/25 


5/ 2/25 20 c c of blood intrapcritoncnllj 

5/ 4/25 20 c c of blood intrapcritoncnlly 

5 cc of ink Intraa enouslj 

5/ 5/25 


5/ 6/25 Cliloroforin 


rxaininatioii of Blood 

L^lnpllcndotllelioc>tcs,* 3 per cent, licmcn 
dotliclioc>tcs,l none 


liMnplicndotlicliocj Ics, 7 2 per cent, bom 
cndotlioliocj tes, none 


I Mnpbcndolbclioc%tcs, 4 per cent, liem 
endotlicllocjtcs, 1 In 15 minutes 

LMnpliendotbclloc\tcs, 4 2 per cent, bem* 
cndotlieHocjtcs, 8 in 15 minutes 
UncliiinBcd 

I Mnpbendotbellocates, 3 per cent, hem- 
endothollocjtec. 1 per cent 
Detailed count of 1,090 cells granulnr Icuko- 
cites 591 per cent , Ijmpbocytcs, 27 0 per 
cent, iMupliondotheliocjtcs, 8 0 per 
cent , bcnendotlieliocjtcs with carbon, 3 7 
per cent , and bcmondotbcllocytes (f) Trith- 
out carbon, 5 7 per cent § 


B\inplicndotliPlIocitcs, 7 per cent , hemen- 
dotlieliocjtcs, 1 per cent, nith much car- 
bon 


1 4 mpboc 3 tos, 20 5 per cent , granular louko- 
cites, 07 G per cent , Ivmpbcndotheliocjtcs, 
C8 per cent , hemcndotholiocjtcs, with car- 
bon, 2 2 per cent , bcmondolheliocytcs (?), 
iillliout carbon, 2 9 per cent 
Groin Ijmpb nodes slioncd a slight tingo of 
gra> and measured 3 by 6 by 9 mm 


! Neutral red may or may not be arranged in form of rosette, Jlctliod D 
t Methods A and D 
t The ear vein iias used 

§ Without ingested carbon idcntifleation of the bemcndotlieliocj tes is uncertain 

rosette These wreath forms are uncommon in noimal human or 
guinea-pig blood The wreath foim of this cell is apt to be laiger 
than the granular leukocyte while the cell with a dye focus lacking the 
rosette or wreath appearance is usually slightly smaller The interpreta- 
tion of this observation is that the smaller leukocyte is the older one 
The lymphocytes may contain no neutral red or they may show from one 
to several small granules m a focus of cytoplasm In the Ijanph- 
endothehocytes as seen in fixed smeais the dye appears as laige, heavy 
dye masses 
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Following three daily injections, April 6, 7 and 8, of whole rabbit’s 
blood into the peritoneal cavity of Rabbit H 16, the lymphendotheliocytes 
numbered 7 2 per cent , April 10 (table) No hemendotheliocytes were 
present April 14, the lymphendotheliocytes had dropped to 4 per cent 
April 10, 13, 20, 27, 28 and 30, the rabbit received injections of 4 or 5 
cc of India ink (Higgins’) into the ear vein April 29, the hem- 
endothehocytes marked by carbon numbered 3 7 per cent When this 
number is present there is an impression that these cells contain more 
carbon than the lymphendotheliocytes, and, since the cytoplasm is devoid 
of neutral red, the cell is entiiely distinctive in supravital preparations 
Careful observation is often necessary to outline the hyaline cytoplasm 
In a smaller, 1,250 gm rabbit that received only two injections of 5 c c 
of ink, these cells numbered 5 2 per cent eighteen hours after the second 
dose The usual experience has been that the appearance of these cells 
in the peripheral blood is quite irregular and follows large doses of the 
suspensions April 29, there were present 5 7 per cent carbon-free 
mononuclear cells that resembled those with carbon and on incubation 
with dilute ink some of these appeared to ingest the carbon particles, 
but the results obtained by this method were not conclusive The only 
certain method of identifying these cells in the rabbit is by the intra- 
venous injection of carbon These hyaline carbon marked hem- 
endothehocytes vary in size (Fig I, A and B) A great majority of 
those appearing in the peripheral blood have a spherical nucleus and 
often a relatively abundant cytoplasm 

Examination, March 6, of cells in fixed supravital smears from a nor- 
mal rabbit, H 16, by Method F revealed lymphocytes, 32 1 per cent , poly- 
morphonuclears, 63 1 per cent , and lymphendotheliocytes, 4 8 per cent 
In fresh supravital stains the percentage of lymphendotheliocytes was 3 
It has been the usual experience that a larger number of neutral red react- 
ing mononuclear cells can be identified in the fixed preparations They 
vary from a size intermediate between lymphocyte and polymorphonu- 
clear leukocyte to a size somewhat larger than the polymorphonuclear 
The amount of dye is large (Fig 1, C and D) and is placed unilateral 
with a flattened side of the nucleus toward it , or the dye granules may he 
in a V shaped depression of the nucleus In the lymphocytes from one to 
several minute dye granules appear at one point in the cytoplasm near the 
nucleus (Fig 1, C) The larger of the lymphocytes may reach the size 
of the small lymphendotheliocytes In the cells that present a neutral 
red rosette m the fresh specimen there is a central vacuole in a fixed 
preparation (Fig 1, C) The neutral red gianules m the polymorpho- 
nuclear leukocytes are small but distinct (Fig I, D) It is a noteworthy 
fact that there is an occasional polynucleated cell that contains much 
neutral red and that in smears treated with benzidin there is an occasional 
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„ong.anular polynic. phonttclea. leukocyte that does not react These 
two findings are viewed as an indication that the miclei ol some of the 
lymphendotheliocytes may become biokcn into lobes and assume a po y- 
micleated form A great many smeais both of whole blood and of tie 
WtTe^mc layeis have been tieated with beiuidin (Method B) An 
examination of these shows that benaidin leacting mononuclear cells are 
■not present ui the blood of the noima.1 labbit 



Fig 1 — A and B, smear of peripheral blood of Rabbit H 16 (table) made 
April 29, 1925, A, hemenclotheliocyte with one large ink particle in homogenous 
(hjaline) cytoplasm , red blood corpuscles in same field , B, liemendotheliocyte 
of larger size containing carbon, with a lymphocyte in same field, C and D, 
smears of blood of normal rabbit supravitally stained (Method F) , these are 
both considered to be lymphendotheliocytes since bcnzidin-rcacting cells arc not 
present m the blood of the rabbit, the dye masses are heavy when compared with 
the dye granules m the lymphocyte and m the neutrophil , Wright’s stain , 
camera lucida The size of the cells vanes in different preparations and m 
different fields m the same smear, therefore, adjoining cells have been drawn 
for comparison 
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The enlarged lymph nodes from the groin of Rabbit H 16 were 
examined by the supravital Method G A great majority of the iymph- 
endothelial cells (attached) contain no carbon They are large and 
present the usual dye focus (Fig 3, A), which often in the fresh prepa- 
ration appears as a distinct wreath In an occasional large cell there is a 
wreath appearance in the paraffin section In the areas to which the dye 
has penetrated in a dilute form there is no nuclear staining and the 
lymphocytes show no dye whatever although the foci in the endothelial 
cells are very distinct 

MONONUCLEAR PHAGOCYTES OF GUINEA-PIG^S BLOOD 

In the blood removed from the right ventricle (thorax opened) of a 
normal gumea-pig, H 14, there were 4 3 per cent neutral red nonlympho- 
cytic mononuclear cells when examined fresh by Method D Typical 
rosettes were not present and there was a greater tendency than in the 
rabbit for dye granules to appear at several points m the cytoplasm In 
the normal guinea-pig and in human blood the dye granules have not 
been seen to arrange themselves in the rosette or wreath form of Sabin, 
Doan and Cunmngham, although it is usual to find an aggregation of 
them at one point m the cytoplasm By Method F in preparations fixed 
in lodin vapor the relative number of leukocytes is lymphocytes, 77 3 per 
cent , polymorphonuclears, 20 3 per cent , and nonlymphocytic neutral red 
mononuclears, 2 4 per cent In this instance the discrepancy between the 
results of examination of fresh and fixed preparations is due to a failure 
to enumerate many of the lymphocytes in the fresh film The cells with 
Kurloff bodies in both the fresh and the fixed preparations are charac- 
teristic 

The mononuclear phagocytes of the blood of the normal rabbit do not 
react with benzidin (Method B) In the peripheral blood of the guinea- 
pig occasional mononuclear cells that do react to benzidin were previously 
found by myself and Charlton The smears should be treated imme- 
diately with the benzidin and the diluted solution allowed to react for 
from five to ten minutes In the leukocytic layer of a normal guinea- 
pig, H 14, 0 57 per cent of the leukocytes were found to be benzidin 
reacting mononuclear cells Those found were larger in size than the 
polymorphonuclear leukocytes Since there were no large mononuclear 
cells that failed to react to neutral red those positive to the benzidin 
probabl} reacted also to the neural red In the normal guinea-pig there- 
fore almost all of the nonlymphocytic mononuclear cells are lymphendo- 
thehocytes Under certain pathologic conditions the relative number 

17 :McJunkin, F A, and Charlton, AG An Experimental Endothelial 
Leukocytosis in Guinea-Pigs, Arch Int Med 24 295 (Sept) 1919 
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Fig 2— Human blood, from H 22, A and B, from preparation made by 
peroxydase staining after phagocytosis in vitro (Method A followed by Method 
B) , A, lympheudotheliocyle and neutiophil, the foiinci devoid of ben/’idm 
granules, B, benzidin-positive phagocyte, the monocyte of normal human blood, 
with neutrophil above, C and D, from a preparation made by supiavital staining 
and subsequent fixation in lodin vapor (Method F) , C, a lymphocyte with a few 
fine neutral red granules and a neutral red mononuclear phagocyte, probably 
a lymphendothehocyte, with heavy dye masses Such cells m fresh supravital 
films have no definite rosette but the dye is massed at one place in the cyto- 
plasm D, a polymorphonuclear with small dye giaiiules and a mononuclear, 
probably a monocyte, with heavy dye gianules Since both lymphendotheliocytes 
and monocytes react to neutral red, the identification of the two in preparations 
treated with neutral red alone is not absolute 
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of benzidin reacting mononuclears may be much increased In an earlier 
report Mcjunkm and Charlton found as many as 10 per cent in the 
blood of guinea-pigs in the terminal stages of a general tuberculosis 

In a fresh preparation from a tuberculous guinea-pig, H 13, 8 3 per 
cent of nonlymphocytic neutral red cells were found in the leukocytic 
•layer prepared from the blood of the right ventricle (Method D) Many 
of these cells were larger than the polymorphonuclears and often there 
was a distinct rosette of dye granules made conspicuous by the abundant 
cytoplasm about the focus of dye In other large cells the dye granules 
were much less localized In direct smears of the whole blood made by 
snipping the ear there were 0 9 per cent benzidin reacting mononuclear 
cells Necropsy of this animal, infected with a human type tubercle bacil- 
lus (H 37) of rather low virulence, showed an extensive caseous tuber- 
culosis of the groin lymph nodes with a few small tubercles in the spleen 
and liver It has been a common experience in the examination of a 
number of guinea-pigs moderately tuberculous to find the lymphendo- 
theliocytes considerably increased but with only a slight increase in the 
benzidin reacting mononuclears It is only in tuberculous guinea-pigs a 
few days before death that a distinct increase in the benzidin type of cell 
takes place For the demonstration of these cells in the guinea-pig it is 
much better to make the smears directly from the ear and to treat them 
at once with benzidin 

In the large mononuclear cells of the epithelioid type present in the 
tubercles of the spleen and in the tuberculous lymph nodes ( Guinea-pig 
H 13), the neutral red granules viewed in paraffin sections with the 
supravital dye mordanted in them (Method G) are found to be arranged 
in beautiful rosette forms (Fig 3, B) The d}-e usually penetrates only 
the peripheral portions of the epithelioid tubercle, where all the typical 
large epithelioid cells appear to be of the rosette type In the spleen of 
this animal there is little caseation and the reaction consists almost 
entirely of these cells In the liver the tubercles that are smaller are 
penetrated by cells that appear to be continuous with the vascular endo- 
thelium, and in their cjdoplasm may be found a few neutral red granules 
scattered about much as they are in the Kupfifer type of endothelial cell 
There is direct evidence that both hemendotheliocytes and lymphendo- 
thehocytes take part in tubercle formation in the gumea-pig, but it 
appears that it is the latter cell that enlarges to become the usual epithe- 
lioid cell in the epithelioid type of tubercle in the spleen and lymph node 
Lewis observed in incubated blood the development of epithelioid and 
giant cells from leukocytes present in the normal peripheral blood, includ- 
ing human It was not shown which type undergoes these transfor- 
mations 


18 Lewis, M R The Formation of Macrophages, Epithelioid and Giant 
Cells from Leukocytes of Incubated Blood, Am J Path 1 91 (Jan ) 1925 
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mononuclear phagocytes of hum \n blood 

It IS only in human blood that the benzidm leactmg leukoc)te is the 
predominating mononiicleai phagoc3te Chailton and I compared the 
peripheral blood by the phagocytic method (Method A) with the same 
blood tieated with benzidm (Method B) and found tnat the mononuclear 
cells with ingested carbon and those leacting to benzidm appeared to 
correspond in numbei and in geneial morphology At this time the 



A wLb supravital dye mordanted m them (Method G) 

no dyTLt m 1 fT ^ Ij'^nphocytes contain 

sranult R cytoplasm of the sinus endothelium there are foci of dye 

S of tuberculous gumea-pig, H 13, cells at periphery of tubercle 

laree rpll h ^ ® ’ Spherical areas of fine neutral red granules m these 

large cells highly characteristic, lymphocyte below 
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conclusion was reached that this benzidin reacting cell was identical with 
the carbon marked phagocyte that separates from the vascular endo- 
thelium Subsequently, I found in paraffin sections that neither the 
lymphatic endothelium nor the vascular endothelium reacted to benzidin 
Later when I ® determined that the neutral red reacting cells of peritoneal 
exudates of the rabbit did not color with benzidin it was thought not 
unlikely that the benzidin reacting cell was a different type from the 
endothelial leukocytes 

Examination of smears of human lymph nodes removed one hour 
after death by Method B showed only an occasional benzidin reacting 
mononuclear cell In human lymph nodes removed at surgical operation 
and fixed immediately for examination by Method C, the reticulo-endo- 
thehum did not react to benzidin The occasional mononuclear cell found 
m the heavy lymph node smears (about 1 per oil immersion field) which 
reacts to benzidin corresponds morphologically to the benzidin-positwe 
ones of the blood and presents prominent brown granules scattered 
through the cytoplasm The other numerous phagocytic cells present 
do not color with the benzidin In an examination of lymph glands from 
a great many individuals by Method C and by staining with hematoxylin 
only, it has been observed that the endothelial cells lining the medullary 
sinuses frequently contain small ovoid or spherical bodies, which are apt 
to appear greenish or brownish These bodies are sometimes surrounded 
by a delicate halo that suggests ingested material In some instances they 
stain like bacteria while in other nodes they resemble pigment, but a 
positive reaction for iron has not been obtained The nature of these 
structures which have the position in the cells of centrospheres is 
uncertain 

HUMAN BLOOD IN H 22 

Man}' examinations were made on the normal adult male, H 22 
Ihe blood was usually obtained by gently “milking” the finger after 
deep puncture with a lance A long series of examinations were first 
made by subjecting the carbon laden leukoc}'tic layer to vital staining 
(Method A followed by D) m order to determine the occurrence in the 
normal peripheral blood of hemendotheliocytes These examinations 
ended in the conclusion that this phagocyte with hyaline cytoplasm, 
which has little affinit}'’ for neutral red, is not present in normal human 
blood It was stated m a preceding paragraph that the hemendothelio- 
cyte IS probably absent from the blood of the rabbit, but in the rabbit 
the evidence is less conclusive, owing to the partial failure of phagocyto- 
sis by Method A 

There is very active phagocytosis of carbon (Method A) by the 
cells of human blood In a careful examination of smears of the carbon 
exposed leukocytes by the perox}dase method with benzidin (Method 
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B), It soon became evident tliat mononiiclcai cells phagocytic for carbon 
which did not leact with the benzidm weie piesent although a majority 
of the ink maiked mononucleai cells did coloi with the benzidm In an 
enuineiation of 1,000 cells the following peicentages weie obtained 
lymphocj^tes (no benzidm), 24 3, neutrophils and eosinophils (heavy 
benzidm with no caibon in eosinophils and little carbon in neutiophils), 
708, mononuclear phagocytes (heavy benzidm and much caibon), 3 4, 
mononuclear phagocytes (no benzidm and much carbon), 1 1, and 
polymorphonuclear cells with no benzidm (unclassified), 04 Taken 

as groups the benzidm mononuclear phagocytes appear to differ some- 
what from the nonbenzidm ones The benzidm-positive cells aveiage 
somewhat largei m sue and their nuclear contoui is often bioken by 
deep indentations (Fig 2, B), while the nucleus of the benzidin-negative 
cell may piesent only a flattened surface towaid a wider expanse of 
cytoplasm, oi the nucleai outline may be bi oken by one or moi e shallow 
V shaped depiessions (Fig 2 A) In the incubated specimen, m whicU 
ameboid motion is likely to distoit both nucleai and cytoplasmic outlines, 
there appeals to be no featuie othei than the leaction to benzidm winch 
will seive to distinguish the two types of cells It also is certain that 
some of the nonbenzidm phagocjtes can be differentiated from lympho- 
cytes only by the ingested carbon Where the caibon particles are very 
numerous m the nonbenzidm cells a faint biownish tinge in tlie region 
of masses of small caibon particles may sometimes be seen Tins is 
seen also in smears not ti eated with benzidm as well as m the phagocytes 
of rabbiFs blood, in which no benzidm reaction is present This 
slight brownish discoloration is due to the finest mk particles and is 
readily distinguished from the coarser particles of benzidni reacting 
cytoplasm 

A second method has been employed to determine by dnect micio- 
scopic examination the occurrence in the blood of neutral led reacting 
phagocytes that do not color with benzidm Smears of the leukocytic 
layer (not treated with ink) supiavitally stained (Method D) when dry 
were examined with oil immeision lens The dye could be seen hut was 
less distinct than in the fresh pieparation A cell or a small group of 
cells was placed at the centei of a field under the oil immersion objec- 
tive and then with the aid of low powei lens a ring about the cell was 
scratched in the film with a teasing needle The location of the cells 
spotted” was noted and the pieparation ti eated with benzidm (Method 
B) followed by hematoxylin The red was dissolved by the alcoholic 
benzidm, but the heavier neutral led reacting masses in cells positive to 
benzidm colored a gieenish tinge instead of the usual brown The led 
was completely removed from the cytoplasm of cells that did not read 
0 the benzidm In five smeai s from one leukocytic layer sixteen mono- 
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nuclear cells containing heavy masses of neutral red (Fig 2, C and D) 
were located and afterwards treated with henzidin Four of the six- 
teen were devoid of brown coloring while the other twelve showed a 
heavy greenish staining with the benzidin The statements of the gen- 
eral morphology of the two groups of phagocytes identified by the 
phagocytic and peroxydase methods apply to these two groups The 
nuclei of the benzidm cells are more broken in outline and are covered 
with oxydase granules They stain much like the nuclei of the poly- 
morphonuclear neutrophils 

COMMENT AND SUMMARY 

A procedure of first importance in obtaining information in regard 
to cells present m the blood m scant numbers is to concentrate them 
m a leukocytic layer with the least possible injury to the cells The 
appearance in the peripheral blood of the hyaline type of leukocyte 
derived from the endothelium of the blood capillaries, the hemendo- 
theliocyte, appears to be pathologic and this cell has been seen only 
in rabbits given huge doses of carbon suspension The cell is identical 
with the hyaline type observed by me ® in the peritoneal exudates 
Since It is marked by the ink and contains little or no neutral red, this 
cell presents a characteristic appearance in supravital films in both 
blood and peritoneal exudates The blood capillary type of endothelial 
cell, such as the Kupfifer cell, is in these animals heavily marked with 
ink and reacts little to neutral red The phagocytes anchored in the 
splenic sinuses, which have ingested enormous quantities of caibon, react 
little to the dye The lesults obtained by vital staining with colloidal 
dyes, by marking the vascular endothelium with carbon in suspension 
and by supravital staining support the view that this hyaline type of 
phagocyte arises from the endothelium of the capillary blood vessels 
and sinuses The only specific designation for such a cell appearing in 
the peripheral blood is that of the hemal type of endothelial leukocyte 
or the hemendothehocyte 

The neutral red reacting cell, on the basis of information previously 
presented,® is considered to be a derivative of lymphatic reticulo-endo- 
thehum and may therefore be spoken of specifically as the endothelial 
leukocyte of lymphatic origin, or as the lymphendothehocyte The 
number of lymphendothehocytes in the blood has been increased experi- 
mentally in two ways first, m the rabbit by injection of whole rabbit’s 
blood into the peritoneal cavity (maximum of 7 per cent in case of 
Rabbit H 16), and, second, in the guinea-pig by infecting with Baallus 
tube} culosis (maximum of 8 3 per cent in a tuberculous guinea-pig, 
H 13) The association of these experimental lymphendothehocyte 
increases with definite lymph node enlargement is significant The groin 
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lymph nodes of Rabbit H 16 (table) measiiied 3 by 5 by 9 mm and 
micioscopically the leticulo-endothelmm was much by pei ti opined 
and losettes of neuUal led giaimles \ve\e piesent in the cytoplasm 
of some of the lining cells (Fig o, A) In the tubeicles of guinea- 
pigs a beautiful losette gioupmg of the giamiles was seen m the laige 
epithelioid cells (Fig 3, F) Only the inguinal, iliac, ccivical and 
tiacheobionchial lymph nodes ha\e been examined but it seems likely 
that wheieier anastomosing l}mph channels of a capillaiy^ type occur 
these phagocytes may ai ise In the secondai y lymph nodules of lymph 
nodes the neutial led leaction has been obtained only in the icticular 
cells at the petiphei), but usually the dye has not pcnetiated in a satis- 
factoiy mannei to the geimmal centcis The lympliocytes m siipiavital 
films of blood often contain fiom one to seveial neutial red gianules 
in a small focus of cytoplasm, but m the ccllulai “ 311100 '' expressed fiom 
lymph nodes on dry dye films the excess of dye is absorbed by the 
numerous cells and only the laigei leticular cells show a focus of dye 
granules Likewise, when the dye is injected into the lymph nodes for 
the preparation of paraffin sections, only the 1 cticulo-endothclmm con- 
tains the dye Since the lymphoid tissue of the spleen is usuaWy stated 
to contain leliculum tins organ has been gi\en special attention Cun- 
ningham, Sabin and Doan " found fiom 15 to 20 pei cent of the cells 
obtained from the spleen undei anesthesia b) pnnetme with a fine capil- 
lary pipet to be of the rosette type My expei lencc ” was that these cells 
weie piesent m about the same proportion to the other cells that they 
were in the blood In supiavitallj'' stained paiafifin sections typical 
rosette cells have not been demonstrated in the sjilemc corpuscles 
Splenectomy does not influence the numbei of the losctte t)pe of cell 
appealing m peritoneal exudates The jihagocylic activity of the lymph- 
endotheiiocytes appeals to serve as a ceitain means of separating them 
from the lymphocytes, but it is not ceitain that both may’' not aiise fiom 
a younger common stem cell, although no evidence has been obtained to 
support such oiigm 

The third type of mononucleai phagocyte appealing 11 ? peiiphcial 
blood leacts both to neutial red and to benzidm Naegeli named 
^ese cells monocytes and noted that they give the oxydase leaction 
He did not, however, recognize any type of mononucleai phagocyte 
other than the monocyte Since others, among whom aie Schilling,^'' 
lave found that cells of this geneial type did not give the oxydase 
reaction, it may again be pointed out that it is necessary to specify the 
particulai form of this leaction employed However, it is possible that 


Endoca^dull"!!:,! h^^chgrachge Monozyten mit makrophagen bei 

Med 88 377 1919 Herkunft der grossen Mononuclearen, Ztschr f Win 
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Schilling, for example in his cases of infectious endocarditis, was deal- 
ing with lymphendotheliocytes or with hemendothehocytes, both of 
which fail to react with benzidm Human bone marrow obtained at 
necropsy has been examined by Method C It has usually been 
expressed from the cut ends of the ribs by crushing with bone forceps 
and at times has been placed in the fixing fluid within one hour after 
death In sections of tissue the reaction of the benzidin is fully as 
intense as in smears but the brown is diffuse rather than in the form 
of individual granules The presence of numerous myeloblastic cells 
makes difficult the deternunation of a second type of benzidin reacting 
cell m marrow There are always present a considerable number of 
cells reacting less intensely than the usual myelocyte and the nuclei of 
many of these have the irregularity of outline seen in the benzidin- 
positive mononuclear cells of the blood In the splenic pulp I pre- 
viously observed the presence of cells that resembled the blood mono- 
nuclears more than they did the myelocytes 

That the spleen is not the sole source of these cells is shown by the 
examination of the blood of an adult, E M , from the surgical service 
of Barnes Hospital, St Louis, before and after splenectomy Nov 4, 
1924, before splenectomy, there were 1 9 per cent of benzidin-positive 
mononuclear cells , three days after splenectomy, 2 7 per cent , eight 
days after splenectomy, 2 3 per cent June 22, 1925, there were 4 3 per 
cent of mononuclear cells reacting to benzidm In all except the last 
examination there was a relative increase in polymorphonuclears and 
the white cells per cubic millimeter were 21,000, 27,000 and 22,000, 
respectively, on the three days on which the first three examinations 
were made The clinical diagnosis was purpura 

Since these cells are demonstrable only in the bone marrow, spleen 
and blood stream it seems likely that they arise chiefly in the bone 
marrow and to a less extent in the splenic pulp Their property of 
ingesting much carbon in citrated blood in which there is very little 
phagocytosis by the polymorphonuclears may be interpreted to mean 
that these cells are not of the usual myeloblastic series The alternative 
explanation is that there is a stage in the differentiation of the myelo- 
cyte when the cell has an unusual affinity for carbon A reaction to 
benzidm less intense than that of the neutrophilic myelocytes also sug- 
gests that they are a distinctive type of cell It may prove that a close 
relationship exists between these and the myeloblastic series, and 
Evans found neutrophilic leukocytoses and increases in these cells to 
be associated in some instances The term monocyte proposed by 

20 Evans, F A Observations on the Origin and Status of the So-Called 
Transitional White Blood Cells, Arch Int Med 18 692 (Nov) 1916 
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Naegeli foi this pei oxydase-i eacting mononucleai leukocyte should be 
applied to this paiticulai cell alone and not to the nonbenzidin i eacting 
phagoc}tes aiisnig fioin endothelium 

CONCLUSIONS 

1 Monocytes, mononucleai benzidin-positu e phagoc}tes leading to 
neutial red by the method of supiaMtal staining, are present in noimal 
human blood and an occasional one is piesent in the blood of the noimal 
giiinea-pig These cells have not been demonstiated m labbit’s blood 
They are inci eased in the blood of the guinea-pig dining the teiminal 
stage of tubeiculosis Since the\ aic found only in the bone- 
marrow and spleen these fixed tissues aie legaided as the probable 
source for their pioduction 

2 Lymphendothelioc} tes, benzidin-ncgatn e mononucleai jihagoc} tes 
that by the method of supia\ital staining react to neutral led (some- 
times with ariangement of the dr'e granules in the foim of a rosette), 
are present in the peripheral blood of the noimal guinea-pig and labbit 
and in human blood They aie increased in the blood of the labbit by 
mtraperitoneal injections of whole rabbit’s blood and in the guinea- 
pig’s blood dining tuberculous infection They arise from the lymphatic 
reticulo-endothehum These leukoc)tes become tiansfoimed into the 
epithelioid cells of tubercles with piescnation of then chaiactciistic 
reaction to neutral i ed 

3 Hemendothehocytes, benzidin-negative mononucleai jihagocytes 
not reacting by the method of supravital staining to neutral red or 
reacting slightly to neutial red with the appearance of ii regular dye 
cytoplasmic granules, have not been demonstiated m the normal 
peripheral blood They appear in the blood of the labbit following 
intravenous injections of India ink These jihagocytes, which leact 
earlier and more intensel}'^ to intravenous carbon in suspension and to 
colloidal dyes than do other cells, probably arise from the blood vascu- 
lar endothelium 

4 By direct examination, therefore, three kinds of mononucleai 
phagocytes may be demonstiated m the cii dilating blood, two of which 
are found under normal conditions Less direct evidence points to 
the conclusions that the benzidm-i eacting phagocytes are derived from 
the bone marrow and the spleen, and that the two benzidm-negative 
P agocytes arise from the lymph nodes and from the endothelium of 
capillary blood vessels, respectively 



THE ETIOLOGY OF CHRONIC ULCERATIVE 

COLITIS 

EXPERIMENTAL STUDIES WITH SUGGESTIONS FOR A MORE 
RATIONAL FORM OF TREATMENT ^ 

JACOB A BARGEN, MD 
ARCH H LOGAN, MD 

ROCHESTER, MINN 

A year ago we believed we had isolated the organism responsible for 
at least a prominent part in the cause of chronic ulcerative colitis of the 
so-called idiopathic type ^ 

The organism was obtained with steiile swabs through the procto- 
scope from the depths of an ulcer of the colon, after the latter had been 
thoroughly cleansed by repeated washings and the top of the ulcer had 
been carefully wiped with a preliminary swab Cultures of stools 
failed to yield the organism but in cultures of the rectal discharge of 
mucus, pus and blood it was often found as the vastly predominating 
bacterium The material obtained was cultured immediately in warm 
dextrose brain broth,- blood agar and lactose agar and incubated for 
twenty-four hours All mediums were titrated to 3. p-^ 7 4 The 
organism isolated in this way as the predominating bacterium and often 
in pure cultures is a gram-positive, lancet shaped diplococcus, growing 
in twos and fours (Fig 1) and has been observed with a capsule occa- 
sionally, thus morphologically resembling a pneumococcus It is not bile 
soluble Twenty strains examined have failed to ferment inulin or 
mannite but have always fermented dextrose, lactose, saccharose, mal- 
tose, raffinose, salicin and acidified milk, shortly after their isolation 
When retested weeks or months after isolation, the fermentation of the 
last SIX sugars has varied The diagnostic pneumococcus serums of 
Types I, II and HI have failed to agglutinate a number of typical 
strains On blood agar the diplococcus grows as an alpha-hemolytic 
streptococcus (Fig 2) Agglutinins and precipitms have been demon- 
strated m the blood of rabbits immunized with various strains of this 
organism Cross agglutination and precipitation have been found 
among at least six stiains examined 

From the division of medicine, Mayo Clinic 

* Read before the Section on Pharmacology and Therapeutics at the Seventy- 
Sixth Annual Session of the American Medical Association, Atlantic City, N J , 
May, 1925 

1 Bargen, J A Experimental Studies on the Etiology of Chronic Ulcera- 
tive Colitis, J A M A 83 332-336 (Aug 2) 1924 

2 Rosenow, E C Studies on Elective Localization, Focal Infection with 
Special Reference to Oral Sepsis, J Dent Res 1 205-268, 1919 
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In two )'eais, cultuies haAC been made Iiom the lesions of sixty- 
eight patients with chionic ulceiative colitis In 80 pei cent of the 
cases, such a diplococciis has been isolated 

Cultuies also have been made by swabbing the healthy colon mucosa 
of twenty persons piesentmg themsehes foi pioctoscopic examination 
because of hemoii holds oi othei lectal complaints, and only once were 
diplococci of similar chaiacteiistics isolated 

Smears of the mateiial obtained fiom the ulceis consist of pus cells 
and led blood cells but, in the majoiity of them, diplococci of similar 
structuie can be lecognized in appieciable luimbeis 



Fig 1 — Frcshlj isolated culture of tlic diplococcus described 


Since our last leport 139 labbits have been injected inti avenoiisly 
with dextrose brain broth cultuies m amounts vaiymg fioni 5 to 15 cc 
Lesions developed in the colon m foity-five of these without lesions 
eing grossly demonstiable elsewheie Fully as many developed diai- 
rhea, these rabbits weie injected with pure cultuies of lapidly isolated 
iplococci Rosenow and his co-woikeis, using a similar technic, have 
injected large numbers of rabbits with various sliams of stieptococci 
and have never found lesions m the colon such as these 

The organism sometimes localizes m the gallbladdei of labbits 
ighteen rabbits were fed on vitamin-fiee food (ci ushed oats and water 
or autoclaved nee and water, according to the methods of McCain- 
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son^) for two weeks At the end of this time, nine were injected 
intravenously with 5 c c of a dextrose brain broth culture of the freshly 
isolated diplococcus All were dead within five days , eight had lesions 
of the colon, from submucous hemorrhages to minute ulcers Three 
of the eight had empyema of the gallbladder from which a pure culture 
of the diplococcus was isolated 



Fig 3 — Three rabbits fed on vitairin-free food for two weeks and three days 



Tig 4 — ^Three rabbits three da>s after injection with the diplococcus fed on 
vitamin-free food for three weeks , 


Of the other nine, five died, apparentl}'’ from starvation with certain 
of the symptoms of a deficiency syndrome, while four lived two months 
on the diet (Figs 3 and 4) 

3 McCarnson, Robert Studies in Deficiency Disease, London, Frowde, 
Hodder and Stoughton, 1921 




Fig 2 — Typical twonty-foui hour colonies isolated iioni acute lesions of the 
colon in pure culture 
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Tlie cultuie of the diplococcus isolated fiom these gallbladdeis was 
injected intiavenously into two young dogs, weighing 4 and 6 kg, 
lespectively Repeated daily injections weie given in 12, 20, 20, 20, 20, 
and 30 cc in an effort to produce a chionic disease inoie like that in 
human beings, since the lesions in rabbits weie lathei of the acute 
fulminating type On the fouith day the dogs began passing bloody 
mucus, on the sixth theie was maiked lectal piolapse exposing an 
edematous, gianuiai, easily bleeding, supeificially ulcerated mucosa, 
the typical piclnie of eaily ulcerative colitis At the end of two weeks, 
one of the clogs began to impiove, and lepcated large doses of the 
organism had no effect When it was killed at the end of three weeks, 
a healing ulceiatixe colitis of the lowei 6 inches (15 2 cm) of the 
colon was found In the other dog colon changes were demonstrable 
by roentgen ray with the baiium enema at the end of three weeks, after 
which he too began to get well (Fig 5) 

The possibility that gallbladders might act as a focus foi harboiing 
these diplococci made it seem reasonable that other distant foci m 
human beings might be of importance 

A woman, aged 26, entered the Mayo Clinic, Dec 30, 1924, with a 
history of having had blood} diairhea foi thiec yeais Eight months 
previous to her fiist spell of diaiihea, she had had a tooth devitalized 
and It had given hei some trouble evci since In the autumn of 1921, 
she had diarrhea foi two weeks, without apparent cause In the spring 
of 1922, she had diaiihca foi six weeks In the spiing of 1923, hci 
diarrhea recurred and lasted until hci admission to the clinic Fiom 
twelve to twenty stools a day were often passed, with mucus, blood and 
pus Chronic ulceiative colitis was discovered, a diplococcus was iso- 
lated from the lectal lesions, and a vaccine prepaied for hei When 
0 1 c c of It was given subcutaneously thei c was a marked inci ease in 
the diarrhea Seveial days later 02 cc was given with an even moic 
severe diarrhea and maiked soiencss of her dead tooth in which a 
periapical abscess was levealed by the locntgen ray The vaccine was 
then discontinued and her septic tonsils and, later, hei abscessed tooth 
were removed The extinction was followed by a seveie upset of the 
bowel In the cultuie of the periapical abscess, diplococci of the 
variety described predominated in large numbeis, with shoit chain 
streptococci making up the remainder of the culture 

The SIX hour glucose biain broth subculture of the twelve hour 
culture of the pus from this periapical abscess was injected mtia- 
venously into a rabbit, and in twenty-foui^ hours the animal was dead 
^xtensive submucous hemorrhages and minute ulcers of the lower three- 
ourths of the colon were found (Fig 6) A pure cultuie of the 
ipococcus isolated fiom the mesenteric lymph nodes, which weie veiy 
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large and acutely hemorrhagic, was injected into two young dogs, 
weighing 7 2 and 11 kg, respectively Both were dead in less than 
twenty-four hours, the floor of the cage being covered with blood 
Massive submucous hemorrhages were found in the colon and dissemi- 
nated hemorrhages m the lower ileum and in the upper jejunum 



Big 5 — Dog’s colon showing ulcerative colitis by barium enema three weeks 
after initial injection of diplococci 

(Fig 7) In neither the rabbit nor the dogs weie lesions found 
elsen here 

Since this striking result we have seen repeated severe bowel reac- 
tions with acute bloody dysentery, following extraction of such foci as 
teeth and tonsils One young woman after a series of injections of 
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vaccine filtiate was doing well, with one oi two stools daily and no 
blood, when her septic tonsils weie lemoved Seveial days later, folio w- 
iiig the admimstiation of 06 cc of ^acclne, she had a terrific leaction 
with fifteen bloody stools in twenty-four houi s and inai ked pi osti ation 
Aftei she had lested a week in bed and hei bowels had guiduall} 
quieted, 0 3 c c of vaccine was admniisteied, the dose being inci eased by 
01 cc even thud da} In two weeks she felt entiieh well, and had 
one foiined moiement a day She has lemamed ivell 

These facts clearly dcmonstiale the impoitance of distant foci in 
the etiology of this disease Mow impoitant the} ma} he in its continn- 



Fig 6 — Extensive submucous hemorrhages .mil minute ulcers of lower three- 
fourths of colon of rabbit injected intr.nciiouslv with orgnnisin obtained from 
periapical abscess 



Fig 7— Massive submucous hemorrliagc of dog’s colon injected with pure 
cu ture from mesenteric glands of the same rabbit 


ance, it IS difficult to say, but then pait in the eail} stages ceitainly 
seems established 

Lesions observed in their eaily stages have appealed as miliary 
a scesses (Fig 7) A few days later supeificial ulceration of the tops 
of the abscesses and their confluence produce the typical gianulai 
appearance From such lesions, seen on the protruding bowel after 
’eostomy, a pure culture of the diplococcus has been isolated m the 
mmute drop of pus obtained fiom the tiny abscesses in the mucosa 
i ^ese repeated "showers” of infection and healing give one a clear 
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conception of how the thick layer of gianulation tissue and underlying 
fibrous tissue may be formed, as it is seen in cioss sections of the 
colons of these patients after death In sections through the lesions 
stained foi bacteria, large numbers of giam-positive diplococci of a 
structure similai to those described are commonly seen (Fig 8) 



1 ig 8 — Fi\e and six day old lesions of protruding portion of intestine after 
ileostom\ 111 case of chronic ulcerative colitis 

\Vith these facts before us, it would seem logical that some form of 
nnmnnwation against this diplococcus offers hope for patients suffeiing 
from chronic ulcerative colitis This has been attempted by preparing 
\accines and vaccine filtrates according to the methods of Rosenow 
\'accmes are prepared b> heavily inoculating 8 ounce (236 c c ) bottles 
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of 1 pel cent dextiose bioth, incubating for twenty-foui horns, cen- 
trifugating and making a thick glycenn suspension of the bacterial 

cipitate To 24 cc of steiile physiologic sodium chloiid solution is 
added 02 cc of the glycenn suspension and 0 08 cc of tiicieosote, 
making a suspension of 2,000,000,000 dead bacteiia foi each cubic 
centimeter This is allowed to stand in the icebox ovei night Vaccine 
filtrates are piepaied Iw passing the oiiginal dextiose bioth culture 
through a Beikefeld filter and adding 004 cc of tiicieosote to the 
sterile filtiate 

Of eithei niatei lal, 0 1 c c is gi\ en as the initial dose Patients 
^^ho had slight systemic leaction with the small doses have obtained 
the best lesults Recenth ve have used moie filtiates, seemingly with 
bettei lesults Injections aie made subcutaneously eveiy thud day, 
beginning with 0 1 c c , the dose being inci eased b> 01 c c at each 
injection up to 1 oi 1 5 cc accoiding to the patient’s leaction to the 
to\m In tvo 01 three weeks, the diarrhea subsides and the patients 
improve, often vei\ rapidh Twehe patients ha\e been dismissed 
clinicall) well and, on pioctoscopic examination, at least much bettei , 
nmehaie improied, others ha\e eithei not taken the vaccine or filtiate, 
or not enough of it to justify a statement wnth rcgaid to lesults (Tables 
1 and 2) 

In conjunction wnth the \accine tieatment, w’e ha\c. of couise, con- 
tinued our usual treatment of the disease When the lesions are low' 
enough to be reached by proctoscope, local tieatment with 1 4 000 aci- 
flavin, 1 pel cent meicuiochiome, siKci mliatc, hmai caustic and 
similar medicaments liave been applied Ii i igations wnlh hot w'alei , 
waini physiologic solutions of sodium chlond, aigyrol, acriflaMU 
1 4,000, and instillations of wntch-ha/cl and bismuth m olne oil also 
have been used An important adjunct to the treatment is the adminis- 
tration of tincture of lodm by mouth, accoiding to the methods of one 
of us,^ and kaolin in doses of fiom 1 to 1 5 ounces The natiiie of the 
action of the foimei is not definitely knowm, but a leukocytosis is often 
produced by its use The kaolin picsumably acts as an adsoibcnt and 
may have an antipeiistaltic action We have allow'cd these patients a 
rather generous diet, avoiding only such food as they themselves have 
found to upset then bow'els 

SUMMARY 

A gram-positive diplococcns has been isolated in 80 pei cent of 
cases of chronic ulceiative colitis This organism has been obtained 
m pure culture from the eaily lesions, in an acute exaceibation of the 
disease, from the depths of chionic ulcers, and occasionally fiom distant 

Clm^'N T"? W5412 (jtlJ) IM? 
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Table 1 — Patients with Chrome Ulcerative Colitis Treated with Vaccines 

and Vaccine Filtiates 

Patients Clinically Well on Dismissal * 


OB- Symptoms 





jectively 

Pre 

Roentgen-Ray 

Proctoscopic Examination 



Age, 

Well, 

vious to 

Pindings in Colon 

f’— — >■ ■ -1 — 

^ 



Case 

,Se\ Years Months Admission 

on Admission 

On Admission 

On Dismissal 

1 

P 

31 

7 

5 months 

Chronic ulcerative 

Chronic ulcerative 

Well 







colitis 

colitis 



2 

P 

57 

5 

12 years 

Chrome ulcerative 

Chrome ulcerative 

Improved 

30 per 






colitis of recto 

colitis 

cent 







sigmoid 




3 

M 

43 

13 

2 years 

Negative 

Chrome ulcerative 

Improved 

50 per 







colitis 

cent 


4 

P 

30 

S 

6 years 

Chrome ulcerative 

Chronic ulcerative 

Improved 

75 per 






colitis of left half 

colitis 

cent 







of colon 




5 

M 

40 

4 

17 months 

Chronic ulcerativ'e 

Chronic ulcerative 

Improved 

SO per 






colitis of entire 

colitis 

cent 







colon 




6 

M 


9 

1 year 

Doubtful 

Chrome ulcerative 

Well 








colitis 



7 

M 

29 

3 

7 years 

Negative 

Chronic ulcerative 

Well 








colitis 



8 

F 

25 

2 

7 years 

Chronic ulcerative 

Chronic ulcerative 

Improved 

30 per 






colitis of left half 

colitis 

cent 







of colon 




9 

P 

36 

1 

3 5 years 

Negative 

Chronic ulcerative 

Well 








colitis 



10 

P 

28 

2 

3 years 

Chronic ulcerative 

Chronic ulcerative 

Improved 

50 per 






colitis of recto 

colitis 

cent 







sigmoid 




11 

P 

16 

2 

3 months 

Negative 

Chrome ulcerative 
Colitis 

Well 


12 

P 

40 

3 

6 years 

Negative 

Chronic ulcerative 

Practicallj 

well 







proctitis 




* One "nell formed stool daily 


Table 2 — Patients with Chiomc Ulceiative Colitis Ticated zvith Vaccines 

and Vaccine Filtiates 

Patients Clinically Impiovcd on Dismissal 


OBjee- Ouration 

tivel\ of Roentgen Bay Proctoscopic Examination 

Well, Symp- Bindings in Colon , ' — > 


Case 

Months 

toms 

on Admission 

On Admission 

On Dismissal 

1 

3 

6 years 

Chronic ulcerative colitis 
of left half of colon 

Chronic ulcerative 
colitis 

Slight improvement 

2 

12 

25 months 

Ulcerative colitis of sig 
mold 

Chronic ulcerative 
colitis 

Improved 50 per cent 

3 

4 

n years 

Chronic ulcerative colitis 
of entire colon 

Chronic ulcerative 
colitis 3-1- 

Improved 50 per cent 

4 

2 

1 year 

Chronic ulcerativ e colit s 

Chronic ulcerative 
colitis 2-1- 

Slight improvement 

5 

2 

20 months 

Chronic ulcerative colitis 

Anal ulcers 


6 

2 

16 years 

Chronic ulcerative colitis 
of entire colon 

Chronic ulcerative 
colitis with marked 
contraction 

Improved 

7 

2 

4 years 

Chrome ulcerative colitis 

Chrome ulcerative 
colitis 3 

Improved 

8 

3 

1 year 

Negative 

Granular procto 
sigmoiditis 

Improved 25 per cent 

9 

2 

10 years 

Negative 

Chronic ulcerative 
proctitis 

Improved 50 per cent 
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foci elsewhere in the body If seaiched for at the propei time when the 
lesions are active, we believe that the organism would always be found 
By the intravenous injection of the organism, lesions like those m 
human beings have been produced in rabbits and dogs, the lesions m llie 
latter approaching the chionic stage of the disease m human beings 
The finding of this organism m distant foci and the production of acute 
lesions in the colon could account for the repeated exacei bations of the 
disease and the pathologic findings of layer on layer of the gianulalion 
and fibrous tissue, replacing the colon mucosa 

From these studies, it uould seem that the hope of control of this 
disease lies in (1) iemo\al of the distant foci of infection, (2) immun- 



diplococci through lesion of colon of chronic ulcerative colitis, showing 

ization m some form against the causative oiganisms, (3) local and 
opical application and irrigation, (4) the empiiic use of dings, such 
^ tincture of lodin, (5) the administration of some adsoibent like 
ao in y mouth, and (6) a noniriitating yet geneial diet 


tad had from «>' !■'« year She 

eramjs and recteUen°™.? 1" .‘"“‘y-fe"'' l»urs rvith severe nbcloramal 

tafore coming to the clinic he?’J“'’Kr *T I™ freedom, two months 

pounds (127 kg) in weight ^ steadily progressed with loss of 28 


REPORT OF CASES 
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A verj^ diffuse, active ulcerative proctosigmoiditis, with activity 3 on a 
basis of 4, was found by proctoscopic examination The roentgen ray demon- 
strated that the disease included the transverse colon Repeated examinations 
of the stool failed to reveal parasites or the bacilli of tuberculosis, but gram- 
positive diplococci were isolated by culture Because of the patient’s acute 
condition, she was admitted to the hospital and given daily hot water irrigations 
(at 120 degrees F ), argyrol instillations, kaolin and tincture of lodin by mouth 
and autogenous vaccine The vaccine treatment was continued for four months 
She reported, Jan 7, 1925, for reexamination By proctoscopic examination the 
bowel was entirely healed The roentgenogram of the colon was negative She 
had one well formed stool daily and was clinically well 

Case 2 — A woman, aged 37, came to the clinic, Nov 24, 1924, with a history 
of rectal bleeding which had become progressively worse during the last twelve 
\ears, so that during the last six months she had lost 25 pounds (11 3 kg), and 
was passing six or seven stools with much blood, mucus and pus daily 

The proctoscopic examination revealed diffuse inflammation of the rectum 
and sigmoid, contraction to one-tbird of their usual lumen, and irregular ulcers 
with membranous bases and bleeding margins The roentgen ray revealed a large 
dilated colon with a lesion of the sigmoid A diagnosis of chronic ulcerative 
colitis was made Repeated examinations of the stool failed to reveal the bacilli 
of tuberculosis or amebas, but cultures of the rectal discharge yielded a large 
predominance of gram-positive diplococci The patient had slight anemia, the 
leukocjtes numbered 10,100 She was given autogenous vaccine, local topical 
applications of witch-hazel, 15 per cent silver nitrate solution, lactose three times 
daily, and tincture of lodin by mouth Dec 18, 1924, she left the clinic showing 
30 per cent improvement on proctoscopic examination She wrote after two 
months that she was entirely well, and a recent report was similar in tone 

Case 3 — A man, aged 43, came the clinic in May, 1922, with a history of 
bloody diarrhea with mucus and pus for two montlis He had marked urgency 
and tenesmus with passage 

Repeated tests of the stool did not reveal parasites or acid-fast bacilli 
Roentgenograms revealed disease of the rectosigmoid and median pelvic colon 
After proctoscopic examination, chronic ulcerative colitis was diagnosed The 
patient was given the usual local treatment and emetin hydrochlorid hypoder- 
mically, and improved slightly He then returned at intervals of several months 
with acute exacerbations and early m 1924 a gram-positive diplococcus was 
isolated by culture A vaccine was prepared and administered The usual local 
treatment was continued, namely, instillations of witch-hazel, with irrigations of 
hot water and applications of lunar caustic When seen in August, 1924, he was 
entirely well clinically and the proctoscope showed healed lesions He has 
remained \vell to this time 

Case 4 — A woman, aged 28, came to the clinic because she had been troubled 
for four years with intermittent bloody diarrhea, up to twenty stools dailv, with 
much mucus, pus and blood The first spell lasted two weeks, the next six weeks, 
and the last continued for one and a half years, until the time of admission 

Repeated tests of the stool failed to show the presence of parasites, but from 
the scrapings from the lesions a predominance of gram-positive diplococci was 
cultured Roentgen-ray examination of the colon revealed a lesion of the recto- 
sigmoid suggestive of ulcerative colitis, and after proctoscopic examination a 
diagnosis of ulcerative colitis was made The patient also had a chronic poly- 
arthritis of several years’ standing One tooth with a periapical abscess and 
two impacted molars were discovered, the condition of the tonsils was questionable 

With the pus of the periapical abscess, lesions were produced in rabbits A 
marked bowel reaction followed the extraction of the teeth, but soon afterward 
improvement of the arthritis and colitis was manifested She was given a course 
of vaccine, at first with a violent reaction even with 01 c c , but the reactions 
gradually diminished She was guen local treatments with 15 per cent silver 
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nitrate solution, lunar caustic and witch-hard On dismissal the proctoscope 
showed healed lesions and she had rccovcicd clinically from her aithntis and 

colitis 

Case 5— -A man, aged 29, came to the tlinic, Feb 4, 1925, boLause of persistent 
passage of blood and pus bj rectum since his dischaigc from the aimj m 1918 
He had difficulty in passing stools, but he Iiad had from three to five p.issages 
of blood and pus dailj In two jears he had lost onh 6 pounds (2 7 kg ) <ind 
ate well His onh other siniptoms weic sceere distress fiom gas and frcciuent 
rectal spasms 

On proctoscopic examination a giamilar, easih bleeding mucous mcmbr.me of 
the colon was found, coicred b\ much exudate A diagnosis of pioclosigmoiditis 
was made The patient was placed on an anticonstipation regimen, h.ul d.iiK 
local applications of 15 per cent siher nitiate solution, alternating with 3 pet cent 
inercurochrome or lunar caustic, with instillations of witch-ha/el ,ind a series of 
injections of \accinc filtrate Match 11, 1925, he was dismissed chnic.ilh well 
and the proctoscope rcicalcd healed lesions He was ad\iscd to continue the 
\acciiic treatment and to have both infected tonsils rcnioicd at home 

Case 6 — A man, aged 40, came to the clinic m lamian, 1924, because ol 
four nionths of bloodj diarrhea of %ei\ gradual onset During the last three 
months he had been passing ten or more stools a d.n with blood, pus and mueiis, 
with much tenesmus He had lost onh 9 pounds (4 1 Kg), <iiid except foi Ins 
abdominal distress had no complaints 

A diagnosis ot chronic ulceratne colitis was made aftci pioetoscopic .ind 
roentgcnographic examinations with the barium enemas '1 he entiie colon was 
found to be affected Periapical abscesses weie found aiound two teeth 

The patient was sent home for a month under treatment with tincture of lodm 
and kaolin, and ad\ised to ha\e his infcetcd teeth extracted He tetnrncd in a 
month complaining of onh two or thiec mo\emcnts daih, and on proctoscopic 
examination he was 85 pei cent inipro\ed He went home and for the next fi\e 
months passed only tw'o or three stools a da\ with ver\ little blood, but m lul\, 
with an acute exacerbation, be had from eight to fifteen stools dail\ with mucli 
blood and pus After some improvement, he ictuined home Init without much 
relief, and at a iisit in September he ,ilso had a se\erc m\ositis In October, 
1924, a colostomy w'as performed Slight impro\cmciit followed, but he leturned 
the first w'eek in Afarcli, 1925, and was guen a se\eie course of vaccine treatment 
He w’as dismissed the last of the month with a peimancnt colostomt He w-as 
found to be m good condition clinicalK and the colon was healed pioctoscopicalh 



SPINDLE CELL SARCOMA OF THE HEARTS 
CLAUDE S BECK, MD 

AND 

HARVEY S THATCHER, MD 

CLEVELAND 

Tumors of the heart, although observed by the early anatomists, 
are of uncommon occurrence In 1685 Zolhcofferus ^ wrote a disserta- 
tion on the subject, "De Polypo Cordis,” and in 1700 Boneti ^ noted an 
intracardiac polyp attached by multiple roots to the wall of the right 
ventricle 

There are in the literature about 150 case reports of neoplasm 
primary in the heart, but leviews of the subject by different writers do 
not agree in the number that is authentic Eighty-six ® and thirty ^ 
cases, respectively, were compiled in 1893, and forty-six ® and ninety- 
one ® in 1908 The discrepancy in these numbers is due to the question 
in each recorded case whethei the tumor had its origin in the heart 

As indicated by the foregoing reports the most frequent of the pii- 
mary tumors of the heart are fibromas, myxomas and fibromyxomas 
Rhabdomyomas, lipomas, angiomas, lymphangiomas and teratomas are 
rare It is maintained by several investigators that many tumors 
reported as fibromas or fibiomyxomas are thrombi that have become 
organized 

Thirty-one cases of sarcoma pi unary m the heart weie compiled by 
Perlstein ^ in 1918 To this may be added three cases that have been 
reported during the intenm ® 

^ From the departments of surgery and pathology, Lakeside Hospital and 
Western Reserve University School of Medicine 

1 Zolhcofferus, quoted by Morgagni De Sedibus et Causis Morborum, Epist 
Anat Med Article 30, 24 431 

2 Boneti, Theophih Sepulchretum sive Anatomia Practica ex Cadaveribus 
Morbo Denatis, Lib IV, Sect 12, Observatio 19, p 567, Tome I, Geneva, 1700 

3 Tedeschi, A Beitrag zum Studium der Herz-geschwulste, Brag med 
Wchnschr 18 121, 1893 

4 Berthenson, Leo Zur Frage von der Diagnose pnmarer Neoplasmen des 
Herzens, Myxom des linken Vorhofes, Arch f path Anat u Physiol u f klin 
Med 132 390, 1893 

5 Hagedorn, Oswald Ueber primare Herztumor, Centralbl f allg Path u 
path Anat 19 825, 1908 

6 Link, Richard Die Klinik der primaren Neubildungen des Herzens, 
Ztschr f klin Med 67 272, 1909 

7 Perlstein, I Sarcoma of tlie Heart, Am J M Sc 156 214 (Aug ) 1918 

8 Gottel, L Fall von primaren Herzsarkom, Deutsch med Wchnschr 45 
1038, 1919 Goldstein, H I Tumors of the Heart with a Report of Ten Cases 
of Cardiac Tumor, New York M J 115 97, 158, 1922 Penault, LG A Case 
of Primary Sarcoma of the Heart, Canad M A J 13 108, 1923 
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Neoplasms have been found in any of the fotu chambers of the 
heart originating fiom eithei endocaidium, myocaidium, epicardium 
01 panetS pericardium In the ninety-one cases tabulated by Link,'’ 
the localization was as follows right amide, ten, left aunde, twenty- 
four, right ventricle, fourteen, left ventricle, eight, valve tumors, six- 
teen,' both auricles, three, both ventiicles, two, right aiiiide and light 
\entiicle, two, left auricle and left ventiicle, twm, and intei am iculai 

septum, two 

Analyses of the leported cases by seveial wiiteis have led to no 
definite clinical picture diagnostic of the condition The clinical pictuie 
vanes with the location and the natuie of the neoplasm, and these con- 
ditions aie so \ariable that, according to Peilstcm,” a neoplasm of the 
heart has never been diagnosed dinicall\ The location of the tumor 
ma} determine the competenc} of a \alve, the intcgnt) of the conduct- 
ing mechanism or the patency of a coronai) or pulmonar) vessel, the 
size of the tumor may modifv the functional condition of the m)0car- 
dium 01 the capacity of a chambei to contain blood A small sessile 
tumor may pioduce no symptoms, a pedunculated tiimoi may act like 
a ball-ialve, and a lapiclh growing tumoi mav lead to a vci\ lapid 
disintegration of the cardiac mechanism The contom of the heait may 
be distorted, and a tumor involving the epicaulmm mav produce 
hemorrhage into the pcncaidial caviti When piescnl, mctaslases 
establish the diagnosis of malignancv 

In the case heie leporled the clinical diagnosis of saicomalosis was 
made by the piesence of disseminated saicoma nodules Involvement 
of the heait with sarcoma was suggested bv the subnoimal blood pies- 
sure, rapid pulse rate, systolic muimui, and an abnormal contom of the 
heart as seen in the loenlgenogiam This was considcicd as a possibil- 
it3'buta definite diagnosis of saicoma pnmaiy in the heart was not made 
clinically 


unroRT or cAsn 

H«fo; v A Russian man, aged 27, whose general health had been good, had 
as the first symptoms of illness an attack of nausea, vomiting and abdominal 
cramps, which occurred four months before dcntii These symptoms disappeared 
a er a few days About three weeks later, tlie patient noticed for the first time 
severa painful nodules developing in the legs, the arms and the buttocks The 
ppearance of the nodules was followed by another attack of abdominal pain and 
IS was accompanied with diarrhea, which lasted a few' days The physician 
patient during that attack found the abdomen distended and rigid , 
^ white blood count, 4,000, the stool negative for 
, parasites and ova, and the blood Wassermann reaction negative 

admitted to Lakeside Hospital, Sept 28, 1924, with the com- 
painful nodules in the buttocks, scrotum, legs and arms 

ana The patient was cachectic and presented marked pallor 

firm temperature by mouth was 39 C About thirty-five 

the ^ cn-cumscribed nodules could be palpated in the muscles or in 

taneous tissue of the buttocks, scrotum, lower legs, right thigh, left upper 
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arm and chest The nodules varied from a few millimeters to 1 5 cm m diameter 
Several nodules in the buttocks, scrotum, and chest elevated the skin The larger 
nodules were painful to palpation There was no general glandular enlargement 
The neurologic examination was negative The lungs were negative The respira- 
tory rate was 22 per minute There was no marked precordial pulsation and no 
thrill The heart sounds were distinct A soft systolic murmur was heard over 





4 ^ 



Fig 1 — Chest, showing a prominence in the region of the left auricle The 
cardiopencardial shadow suggested the probability of an increased amount of 
fluid in the pericardial cavity 


the precordium of the same intensity and quality at the base as at the apex The 
first sound was clear The sjstolic blood pressure was 96, the diastolic 56 The 
pulse rate w'as 120, and the rhythm was regular The abdomen was moderately 
distended, tympanitic, and contained a small amount of free fluid There was 
tenderness to deep palpation in the left lower quadrant A mass of indefinite 
outline w^as palpated in the hypogastrium A rectal examination was normal 
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r Findtuq';--Thc unne was noimal The blood examination 

I heniofflobin 60 per cent , red blood cells, 2,887,500, wnth no nucleated 

showed J 'j J 1=5 400 , chltciential count of pobmorphonuclcars 

if cJ 17 l'“ 5 „or cc,« , nom.oph.I 

fdocvtc I’pcr cent Tl.c cul c.tpact, „,.s 3,750 cc .. s.ll.ns poslnrc, tl.e 
if S apac«>, 4,600 cc A bloml cnlt.no nesatno 
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Fjg 2 Section of a metastatic nodule removed from llic deltoid muscle, show- 
ing spindle cell sarcoma 


A rcentgenogram of the chest showed a w'cll marked prominence m the icgion 
auricle and pulmonary artery and a cardiopcncardial shadow rather 

gobular m shape, suggesting an increased amount of fluid in the peiicardial 
cavity (Fig 1) 

The nodules described above w'cre consideied metastatic and sarcomatous A 
removed from the right deltoid region wms a spindle cell sarcoma 



834 


ARCHIVES OF INTERNAL MEDICINE 


During the third day in tlie hospital the patient developed generalized peritonitis 
The abdominal distention increased, the left lower quandrant became painful and 
rigid to palpation, and the temperature rose to 40 5 C Death occurred on 
the seventh day after admission to the hospital 

The diagnosis was generalized sarcomatosis of undetermined origin, with 
metastases involving (1) the intestine, producing a perforation and peritonitis, 
and (2) the muscles and subcutaneous tissue of the legs, buttocks, etc 



Fig 3 — Posterior aspect of sarcoma with the pericardium partially removed 
multinodular mass of sarcoma and blood clot over base of heart was covered 
by pericardium and the latter was not perforated bj the tumor An encysted 
mass of blood clot is shown to the right The pericardial cavity contained about 
250 c c of free blood 

Necropsy — The metastatic nodules of the subcutaneous tissues and muscles 
described above were spindle cell sarcomas There was no fluid in the chest, and 
no pleural adhesions were present The pleura of the diaphragmatic, medial and 
posterior aspects of each lung was studded with firm, grayish white sarcomatous 
nodules varying in size from 0 5 to 2 mm in diameter Sarcoma was not found 
elseivhere in the lungs The heart and pericardium weighed 1,100 gm The 
pericardial cavity contained about 250 c c of free blood, part of which was coagu- 
lated Postenorlj' between the heart and the pericardium was a multinodular 
tumor of which the greatest thickness was about 5 cm , and which extended over 
the entire base of the heart and partially o\er the \entricles (Fig 3) The 
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ptncBrfmm was adte^ o rcncvstlTblnocl clol 

Tf the left auricle, several f the e.idocardu.n, bct^^cen 

,ts branches markcdb U^o nUtacaMta,j tnmors 

the entrance of the "7, of uhich contanicd snrann.v, 

at: "r^r rrotnirstri. a ». 



Fig 4 — Extensive sarcoma involving the wall of the left auricle, displacing 
the pulmonary arterj and its branches upward, extending into the cavitv of the 
left auricle and into the wall of the left ventricle Two metastascs arc present 
m the ventricle The larger of the intracavitary tumors is a thrombus attached 
to the auricular wall b\ a pedicle that contains sarcoma Lving above and behind 
the thrombus and partially obscured from view is a friable sarcoma which, 
undoubtedly, was the source of metastatic emboli The pulmonary veins open on 
either side of these tumors and cannot be seen 


of the pedicle It was firm, distinctly laminated, and m tlic outer portion con- 
sisted of dense fibrous tissue containing few nuclei Sarcoma was present m Ibe 
center of the tumor and in the pedicle The tumor wms not sufficiently free to 
act as a ball-valve at the mitral ring but, undoubtedly, it offered some obstruction 
to the filling of the left ventricle The other intracavitary tumor was a lobulatcd 
^ diameter, and partially hidden by llie pedunculated tumor 

(Fig 5) This tumor was friable and, undoubtedly, was the source of multiple 
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sarcomatous emboli which were borne by the arterial blood Anteriorly, the 
sarcoma extended over the left ventricle about 6 cm from the mitral ring, and 
involved the epicardium and the outer portion of the myocardium Two metas- 
tases, about 0 5 cm in diameter, were present in the left ventricular wall near the 
septum and 3 cm from the apex The right ventricle and the right auricle were 
not involved 



Fig 5 — Section of the tumor of the heart showing spindle cell sarcoma 

The abdominal cavity contained about 500 c c of fluid stained with fecal 
material and green pus Numerous nodules, about 2 mm in diameter, were 
present in the parietal peritoneum The intestines were bound together by 
fibrinous adhesions A soft irregular mass, about 17 cm in its greatest dimen- 
sion, vas found in the left upper quadrant binding together the ileum and the 
transAerse and descending colon In the center of this tumor was a perforation 
into the ileum Numerous tumors were found elsewhere involving the various 
coats of the intestines and the stomach, varjung from 0 5 to 11 cm m diameter 
Sarcoma was not found in the liver or brain 
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COMMENT 

Clinically, the piescnce of wideh scatleiecl nodnlcs mmUi the histoiy 
and signs of intestinal obstinction and peifoiation indicated the diag- 
nosis of saicomatosis with metastases distiibuted in the aitciial blood 
stream Involvement of the heail was suggested h\ the piescnce of a 
inurmui, low' blood pressiiie. and a distoition in the caidtopeiicaidial 
roentgenogi am Assuming that one pathologic condition should he held 
accountable foi the entiie clinical pictuie. we made the dMgno'^ls of 
sarcoma invohing the intestines and the nni«cles ,ind subcutaneous 
tissues 

Thepiimai} giowlh was, undoublcdh. in the wall of the left aunclc 
The distiibution of the metastases indicated that the} weie home b\ 
the aiterial blood stieam The absence of metastases in the luei and 
lungs excludes the tumois of the intestine as the jnimaix focus The 
thrombus in the left aunclc loiined on the s.ncoina that had iinohcd 
the endocardium 



QUINIDIN IN THE TREATMENT OF AURICULAR 
FIBRILLATION, ESTABLISHED, PAROXYSMAL 
AND TRANSIENT ■' 

F JANNEY SMITH, MD 

AND 

NORMAN E CLARKE, MD 

DETROIT, MICH 

In spite of the fact that qumidin has been widely used over a period 
of SIX years in the treatment of auricular fibrillation, there still exists 
a difference of opinion concerning its indications and contraindications, 
as well as its true value and dangers It therefore seems worth while 
to add to the already existing reports of its use, so that more material 
may be available for determining our final opinion regarding the useful- 
ness of this drug in complete arrhythmia 

TYPES OF AURICULAR FIBRILLATION 

For convenience, cases of auricular fibrillation may be divided into 
three types established, transient and paroxysmal 

1 Established In this type the abnormal rhythm has been present 
for more than two weeks and has shown no tendency to alternate with 
sinus rhythm, and the presence of the irregularity is not dependent on a 
transient contributory factor 

2 Transient This group includes the patients showing auriculai 
fibrillation in association with some transient factor, m which the 
arrhythmia tends to disappear spontaneously after the contributory 
factor IS no longer active 

3 Paroxysmal Of this type are those patients who usually show 
sinus rhythm but who have periodic attacks of auricular fibrillation last- 
ing from a few minutes to several days 

ESTABLISHED AURICULAR FIBRILLATION 

Twenty patients selected from a total of eighty-eight with estab- 
lished auricular fibrillation were given qumidin We would now 
exclude some of those treated, as others had been excluded, on 
account of evidence of serious degeneration of the ventricular myo- 
cardium Inability to secure cooperation from some patients or their 
unwillingness to accept hospital admission prevented the inclusion of 
several more suitable patients In no case was the drug given when 
well marked chronic passive congestion had recently been present, and 
still other patients who were deemed unsuited for this therapy were 

*From the Department of Internal Medicine, Henry Ford Hospital 
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excluded because we doubted that then circulations pioxe moic 

efficient witli sinus ihythin than with auuculai fibnllation uiidci digitalis 

the mam, the iheiapeulic adminisliation of quinidm to oui 
established cases of auuculai fibnllation co^eled a period of not moic 
than one da} A test dose of 02 gm oi 04 gm was gi\cn the Inst da} 
m order to'forecast if possible ain unfaroiablc ic.ictioii to the di ug, 
and during the da} following, 2 4 gm oi less was administeied in 
inciements of 04 gm It has been shown e\pei iincntall} that qinnidin 
IS a cardiac poison, pioducing. in high conccnliation, \enliiuilai lacln- 
cardia, difficulties in conduction, and finalh \entiiculai fibnllalion ' 
Moremer, laiious clinical obscncis have icjioitcd distuihmg oi ''Ciioiis 
lesiilts when this diug had been gi\en in consuletable dosage <nei a 
period of dais Sudden deaths ha\c ociiined, some due to tinholism.* 
but others not clear!} due to this cause ‘ 'J'hese untow aid icsults sug- 


gest caution 

The economic factoi nnohed in quimdin theiapi als<i contnhuted 
considerably to our decision to use this ])Ian oi Iteatment ICien aftci 
Sinus rli}thm is reestablished, practical!} all these patients lelapse soonti 
or later into aunculai fibrillation, and must he letrcaled witli (juinidm 
if It IS desiicd to inaiiUam legulai ilnihm ’1 liese upeated (juimdin 
treatments necessitate liospital admissions since il is quite possible joi 
unfaroiable symptoms to ansc in a second com sc* (Cnsc* 1 ). even though 
the original cxpciience has gone smooth)} liowexei, we found that 
the difficult! or ease with winch auucul.u lihnllatiou is mteuuptetl 
b} quimdin on the original tieatmcnt is .ipt to lepicseiit a fan foiccast 
of the leadiness wutli wdiicli icgulai ilnthm m.i} he again secitic'd aftei 
lekpsehas occinied And theiefoie it sccuns that if the ongmal tieat- 
nients depend for success on scseial da!s of high comeniiation of 
Cjuimdin, then theie wull be a gieatci incidence of seiious ui distuibing 
reactions, and less likelihood of lesults ih.ii would piove of am lasting 
benefit to the patients 

All who were gi\en quiiiKlin had pievioiish lecened sufiaient digi- 
talis to slow the centiiculai lale below 90 pei mirnUe, the digitalis then 
being discontinued 

In those patients who could he successfully followed aftei the cstah- 
is ment of legiilai ihythm, quimdin was usually administeied daih foi 
a tew weeks in doses of fiom 200 to 600 mg m oulci to piesent an 


Arc)! liniclTlhsJlS'T'ISa™’ 
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early recurrence of the iriegulaiity After this, on account of the fact 
that m many cases legular rhythm may be maintained unaided foi long 
periods, the patients were permitted to do without the drug unless 
relapses occurred Qumidin was letned m five cases and was successful 
in each, instance 

Reall}- satisfactory results, in which the patients were able to main- 
tain a regular ihythm for long periods with apparently improved com- 
fort and general health, except for brief lapses into auricular fibrillation, 
were obtained in four cases, or 20 per cent 

Regular ihythm was established in 55 per cent of the entire gioup, 
and if the two patients are eliminated who responded unfavoiably to 
the test dose the percentage in which regular rhythm was established 
was 61 

An attempt to analyze too minutely a short series of cases may lead 
one into error, but certain features of this short term plan of adminis- 
teiing qumidin in twenty established cases of auricular fibrillation as 
eMdenced in the accompanying table seem woithy of comment 

The cases were equally divided between the ai tenosclerotic, the 
senile or the degenerative type, and those m which mitral disease was 
the mam contributing factor, there being ten of each In the mitral 
disease group regular i hythm was established in 70 per cent , while in 
the degenerative group only 40 per cent became regulai 

The average amount of drug necessary to bring about sinus rhythm 
in the mitral group was 1,142 mg, while in the degenerative gioup it 
was 1,450 mg 

The average duration of legular rhythm m the mitral group was 
ninety days, while m the degenerative group it was only twenty dajs 

Judging from the histones obtained from all the patients, the average 
length of time during which auriculai fibrillation had been piesent in 
those who became regular after qumidin was five months , while m those 
who did not respond, the average duration had been nineteen months 

ELECTROCARDIOGRAPHIC CHANGES 

Among the patients who legained normal rhythm the auriculai 
waies were registered as coaise or modeiately coarse m 75 pei cent, 
but m only 33 per cent of those m whom fibi illation peisisted Among 
the nine cases in which there was no response to qumidin were two 
cases of intraventricular block and one of right bundle branch block 
After sinus ihythm had been established, two patients showed extia- 
si stoles, one of auricular, and the other of nodal origin 

UNTOW \RD SYMPTOMS 

In two cases no more than a test dose was given on account of 
unfa\ orable response Six patients were considerably nauseated , vomit- 
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ing occurred in one, diarrhea in three, dyspnea in five, increased 
cyanosis in five, dizziness in two, the ventricular rate rose above 120 
in four, paroxysmal auricular tachycardia occurred in two, and collapse 
in one In the following case, death occurred twenty-nine hours after 
quinidin had been discontinued, the heart having failed to become regu- 
lar This patient had mitral disease and a large heait 

REPORT or CASE 

Case 1 — A woman, aged 22, was admitted to the hospital, Feb 2, 1923, com- 
plaining of rapid heart action Slie had had diphtheria at eight years and 
rheumatic fever at the age of twenty Tonsillectomy had been done three years 
previous to the rheumatic attack 

The onset of the present illness followed rheumatic fever two years before her 
admission There was then some palpitation for a month or so with subsequent 
improvement Rapid and irregular heart action had been present for the last 
month 

There was slight cyanosis of the lips but no dyspnea or edema The tonsillar 
tissue had recurred on the left, and the thyroid gland showed some diffuse enlarge- 
ment The cardiac dulness was considerably enlarged to the right and the left, 
the relative dulness measuring 14 5 cm to the left of the midsternal line m the 
fifth interspace and 4 cm to the right in the fourth The heart’s action was 
completely irregular The apex rate was 140 per minute and the radial count 
was 110 There was a harsh, blowing systolic murmur at the apex The second 
pulmonic sound was accented The liver edge was at the costal margin, there 
were no rales at the bases of the lungs, and there was no edema of the lover 
extremities 

The patient was given 4 drams (15 cc) of tincture of digitalis over a period 
of three days, the pulse deficit disappearing and the apex rate slowing down to 
70 per minute, though still completely irregular 

On the fourth day, a test dose of 04 gm of quinidin was given without anv 
reaction The day following 2 gm was administered in increments of 0 4 gm 
The cardiac action continued irregular and on the next day was 90 per minute 
No disturbing gastro-mtestinal symptoms were noted At 9 15 p m , twenty-nine 
hours after the last dose of quinidin, the patient remarked to the nurse who was 
in the room how well she felt, when suddenly her facial muscles began to 
tv itch, she rapidlv became cyanotic and dyspneic, and died in a few moments On 
the last obsenation, shortly before the patient’s sudden death, the pulse had been 
completely irregular A necropsy could not be secured 

It does not seem possible to diaw a clear conclusion as to the cause 
ot death in this case It may be said that it should not necessarily be 
charged to quinidin Lewis ^ has shown that quinidin is very quickh 
destroyed in the body, and m twenty-four hours is apt to be largely 
eliminated At the end of this period it is doubtful whether regular 
ihythm and resulting cerebral embolism would ensue fiom quinidin if 
It has not occurred during the highei concentration of the drug admims- 
tered the pieceding day The death may have been due to cerebuil 
embolism unrelated to quinidm administration However, it seems diffi- 
cult to escape the probability that there was some relation to the diug 
thei apy 


4 Levis T Am J kl Sc 163 781 (June) 1922 
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transient auricular riRRILLMION 

Instances of transient auiicnlai fibi illation, according- to oui defini- 
tion, have been so frequent in oui experience that we aic not inclined 
to include the detailed case reports Howevei, the piincipal tonliibnl- 
ing factors, in the oidet of their ficquencj, ha^e been 

1 Tliyioidectonii 

2 Toxic adenoma of the thyroid 

3 Major surgical operations, such .is choletN stcctoniv 

4 Acute lobai pneumonia 

5 Certain miscellaneous cases, which ha\c included exhaustion lioni 
extreme overexertion, acute alcoholism. star\atu)n and delndirilion m 
association ivitli acute cholecystitis 

As is w'ell kiiowm, aunculai fibrillation de\clo))s frequenth afiei 
thyroidectonij It commonh occurs the first oi second day aftci opera- 
tion and constitutes a disturbing but not ncccssai ily sci ions complication 
Its occurrence is an iiidication foi digitah7ation of the patient, a 
procedure that is generally sufficient to increase liis comfort, the iiiegu- 
lanty of the pulse disappearing spontaneoush in twent}-foui or 
fort}'-eiglit hours In cases m which the anlnlhmia ))eisi«ts on into 
convalescence, it is, as a rule, cas\ to pioducc a ie\cision of ‘.unis 
rhythm natli quinidm 

Toxic adenoma of the thyroid, occunmg as it does laigeK m people 
over 50 3 ears of age, is also a potent factor in the pioduction of auiicu- 
lar fibnllation The classification of the nirhytbmia in these instances 
as transient, even wdien the iiicgulanty has been jnesent foi long 
periods — months or years — ma}f be questioned It is true that the 
arrhythmia does persist after tliyi oidcctom\ in some of these patients 
but, at least before operation, the .auiiculai fibnllation should .tIw.us be 
thought of as potentially transient In the majoiit} of oui patients 
with li}^perthyroidism and auiicular fibnllation w’ho haNc had 
thyroidectomy, the arrhythmia has disappcaicd spont.uieousl} dining 
convalescence, without any need foi qumidin theiapy Oui expenence 
m tins regard is in accord with that of Dimhill. Fiasei and Stott,'’ wdio 
likewise noted a spontaneous resumption of normal ihythm in thyrotoxic 
auricular fibrillation aftci removal of the thyioid in a consideiablc 
proportion of the cases 

It would seem that m tiansient aunculai fibnllation, qumidin. 
a t ough of occasional value, is seldom indicated, since the tendency is 

or spontaneous resumption of normal iliythm after the elimination of 
the transient factor 


5 Dunhill, T P 
1-6-338 (July) 1924 


Fraser, F R, and Stott, A 
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PAROXYSMAL AURICULAR FIBRILLATION 

Instances of paioxjsmal auriculai fibrillation, or fiuttei, associated 
Avith hypeithyroidism are excluded fiom this lepoit, since they are best 
treated by thyroidectomy 

Case 2 — A university professor, aged 68, for six years had been subject to 
attacks of auricular fibrillation at intervals of a month or more In the last 
year tlie attacks had been occurring more frequently, at intervals of every two 
weeks The physical examination showed no remarkable cardiac findings The 
blood pressure was 144 systolic and 80 diastolic There was no marked evidence 
of arteriosclerosis and no obvious cardiac hypertrophy An electrocardiogram 
was made during the period of regular rhythm and showed no abnormality 
This patient began taking quinidin sulphate, 200 mg daily, and continued this 
for six weeks During that time he did not feel that there was any decrease in 
the frequency of his attacks or any shortening of the attacks that did occur 

Case 3 — An Arabian woman, aged 50, who was admitted to the hospital, 
March 7, 1925, stated that for five years she had been subject to spells of palpita- 
tion, or heart fluttering During the last month, these attacks had been especially 
frequent, coming on every four or five days and being aggravated by exertion 
The patient was a very obese woman The cardiac rhythm was completely 
irregular, the rate was 150 The pulse rate was 80 During the examination, 
the rhythm suddenly became regular and the patient announced that she felt better 
again An electrocardiogram made during the period of regular rhythm showed 
no abnormality 

The patient was placed on quimdin sulphate, 400 mg twice a day, and this 
was in a short time reduced to 200 mg twice daily Under this regimen the 
frequency of the attacks was diminished from every few days to every two weeks, 
and the length of the attacks diminished from an average of from four to ten 
hours to an average of one-half hour 

Case 3 — A man, aged 50, who had been followed since April, 1920, had been 
subject to periodic attacks of palpitation since February, 1920 The personal 
history was unimportant 

The blood pressure was 145 systolic and 80 diastolic The relatne cardiac 
dulness extended from 10 75 cm to the left in the fifth interspace to 3 cm to 
the right in the fourth interspace The heart action was unusually regular 
There was a soft systolic murmur at the apex and also m the aortic area An 
electrocardiogram showed evidence of incomplete bundle branch block 

He had been observed repeatedly during paroxysms of auricular fibrillation 
These had occurred at irregular intervals, seldom not more frequently than once 
a month, and often he had freedom from parox 3 'sms for sK months The average 
duration of the attacks had been from six to ten hours During an attack the 
administration of 400 mg of quinidm was tried but it seemed to increase the 
palpitation and did not serve to terminate the attack in a shorter time than usual 
In the majority of the paroxysms, he had been given tincture of digitalis, 
drams (5 6 cc), and this had served to diminish the palpitation within an hour 
or two and seemed to shorten the attacks 

Case 4 — A woman teacher, aged 52, was admitted to the hospital, Nov 10, 
1923, complaining of heart trouble There was a previous history of acute rheu- 
matic fever, tonsillitis and scarlet fever as a child 

The patient had known that she had some heart trouble for the last ten years 
One j'ear before admission, she developed attacks of rapid and irregular heart 
action, which occurred with great frequency and sometimes lasted for twenty-four 
hours These attacks had been brought on by eating or by any exertion 

On examination she proved to be considerably undernourished The cardiac 
apex impulse was felt in the sixth interspace, 7 cm to the left of the midsternal 
line The cardiac dulness extended 7 cm to the left in the fifth interspace and 
4 cm to the right m the fourth interspace The first sound at the apex w'as very 
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snappui"" There was a blowing s\stolic murmur at the apex; and also a faint 

Tiresvstolic rumbling murmur * j n 

During the periods of regular rliUhm, the electrocardiogram showed some 1 

wave flattening and auricular extras} stoics The P wa\cs m Lead II were some- 
what enlarged Auricular fibrillation developed frequently after the eating of a 
meal and was observed to be brought on after exercise 

This patient was given quimdm sulphate, 200 mg twice dail} Uwo dais 
after this was begun, the heart was again obsened to be irregular and the drug 
was increased to 600 mg dail\, m increments of 200 mg, and this w-as siifiicicnt 
to maintain normal rh}thm This patient has continued to l.ike qiiinidin d.iili 
ivitli the most remarkable improvcnient in her comfort and health AUiiough she 
had preiiotisl} been complclcli disabled from teaching, she returned to her work- 
after suitable com alcsccncc and has conluiucd at it c\cr since In her own words, 
she has been on "full time work with a \cr\ hca\\ schedule*’ There have been 
onl\ two very brief attacks of palpitation during a term 

It IS interesting that over a short period oi time this patient was given quinin, 
through a pharmacist’s mistake, and suffered a considerable increase m the f re- 
queue} of the attacks Tins was corrected as soon .is the error was detected 
and quinidm was again brought into use 

No suggestive eviclcnce of ihvioul disease was obsened in anv of 
these patients 

In paroxysmal auiiculai fibnllalioti not due to b) pcitin loidism. 
quinidm is occasionalh useful in relieving tbc patient of disagiccable oi 
annoying palpitation, and tins mav be tbc onlv fav enable cflccl Butin 
some cases the disabihtv that has lesiiltcd fiom vci) ficqiicnt paio'cvsms 
may be quite sev^erc. as in Case 4 so that the dt ug mav at times succeed 
in restoring to useful occupation patients who would otliciwisc have 
greatly diminished woiking efbciencv' 

It would seem that the pioplnlaclie use of quinidm is not ncccssai v 
unless the paroxysms occiii more ficquentlv than ever) two weeks 
We are not much inclmcd to use the ding m the ticntmcnt of mdividiial 
paroxysms unless they tend to be inolongcd and then onh aftci ]nc- 
hminary digitalization 

Oiir most satisfactory lesiilts have been seemed in patients who had 
had frequent attacks In these, the pi ophv lactic use of fiom 0 2 to 0 8 
gin of quinidm daily inci eased the period of ficedom fiom attacks and 
considerably shoitened the IcngUi of the paioxvsms that did occiii 

The absence of this eftect in Case 2 was piohahlv clue to insufficient 
dosage 

SUM.VrARV AXD CONCLXJSTONb 

Estabhshed Auiicula} Pib) lUafwn ~1 We have had 61 pei cent 

success in the pioduction of normal ihythm fiom aiiiiciilai fibnllalion 

y a one day plan of qiiinidni administiation This compai es favoiably 

wi tie lesults obtained in a laige ntimhet of cases alicady lepoitccl 
fbD per cent ) « 

Arch Int’^Mid 31^518-525°(Apnl)’ r923 Expeiicncc with Quiniclin. 
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2 The patient with mitral disease who has had the arrhythmia 
foi a relatively short time is most likely to revert to normal rhythm 
after quinidin, and in such patients the resulting regulai rhythm will 
likely persist longei than m the arteiiosclerotic or degenerative type 

3 Patients of the arteriosclerotic or degenerative type who have 
been irregular foi long periods are often more difficult to restore to 
normal rhythm by quinidin , and such rhythm if produced is apt to be 
of relatively short duration 

4 Patients with coarse electi ocardiogi aphic auiicular wares aie 
more easily rendered regular by quinidm than those who show fine 
auricular rvaves 

5 One death occurred in association with quinidin theiapy, in oui 
patients 

6 In the mitral disease group, quinidin should be used only lir 
those patients without marked cardiac hypertrophy and dilatation who 
have had the irregularity for but a short time and who have not had 
congestive cardiac failure 

7 In the degenerative group, we are inclined to believe that the use 
of quinidin is not justified 

8 In no case of established auricular fibrillation should this drug be 
used unless it is apparent that close cooperation is going to be possible 
between the patient and the physician, and unless hospital admissions 
and readmissions can be leadily arranged if thought necessaiy 

Tiansicnt Aiinculai F'lhullahon — Quinidin was found indicated 
only when the arrhythmia persisted after the disappeai ance of the tran- 
sient causative factor In cases associated with hyperthyroidism 
quinidin apparently should not be used until six weeks aftei 
thyroidectomy 

Pai o\y'imal Anuculai Fib) illation — 1 In those cases not due to 
hvperthyroidism in which the paroxysms were frequent, quinidin admin- 
istered prophylactically, in doses of from 0 2 to 0 4 or 0 8 gm daily, was 
found to be of the greatest value in lengthening the interval between 
the attacks and in shortening the paroxysms that did occur 

2 In the treatment of individual paroxysms, quinidin need be used 
only in rare instances when the paroxysm tends to be pi olonged 

3 Quinidin was not found necessary in daily dosage unless the 
paroxysms occurred more often than once in two weeks 

The chief value oT quinidin was found in the treatment of frequent 
paroxysmal auricular fibrillation when not associated with hyperth}- 
roidism It has many dangers and an extremely limited field of 
usefulness in the established cases, and real benefit of any considerable 
duration is derived in only a small proportion of these 
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E\er}one leahzes the pitfalls .vnd chillicultics that .ill except the most 
highly trained hematologists encounter in the cliflcientiation of the ane- 
mias Mistakes in diagnosis aie not uncommon, espcciall} is this true 
when the bns) ciinician mistakes a se\eic secondary anemia, such as 
mai occur in connection with caicinoma, foi a c.ise of peinicious 
anemia^ In just such t}pcs of cases an\ thing that maj aid in making 
a correct diagnosis simpU and rapidly is woithy of considciation Out 
aim. therefoie, was to determine what clniic.il \alue, if any the icteuis 
index might have in this direction 

We ha^e inteicsted oursches jniinanly with a clmic.il fact, namely, 
the intensity of the yellow' coloi of the blood seium. and m this study 
have not concei ned oursehes paiticulaily with the numeious considci.a- 
tions as to the possible souices of this coloi 

As this w'as to be a chnic.'il test, the simjilesl and most lajiid means 
of determining the icterus index was dcsiied Hence, we made use of a 
modification of MeulengiachCs biliuibin coloi imctei - Foi his standaul 
ileuses 005 parts of pot.issium diclnoinalc in 500 c c of distilled w'atci , 
with 2 drops of sulphuric acid, this gives a depth of coloi toric- 
sponding to an icteius index of 1 He then detei mined the bilirubin 
content of the blood as show’ii by the .unount of phy'siologic sodium 
chlond solution tliat lias to be added to the plasma to bring the tint to 
conespond with the standaid By oui modification, using the same 
standard solution for an index of 1 and having a senes of jieimanent 
standards of gieatei intensity of color, the coloi compaiison is made 
directly, this does awmy with the necessity of diluting the sjiecimcn in .i 
manner similai to that done by the Dunning appaiatus of phenol- 
sulphonephthalein estimation m the uiinc 

It IS understood that the method of Hyindns-Yan den Bcigh ■ foi 
tie quantitatne estimation of biliiubin in the seuim is piobably slightly 
moie accurate, but w'e believe that this added accuiacy is clinically 


the Department of Pathology of Bellevue Hospital 
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unnecessary and that, for oidinary clinical purposes, the test is need- 
lessly complex of performance so far as the diffei entiation of the 
anemias is concerned 

In ordei to obtain oui own figures for the noimal range of the 
icterus index, the deteimination was made on the plasma of 120 consecu- 
tive nonprofessional blood donois, ranging in age from 18 to 47 years 
These donors weie relatives or friends of patients m the wards of 
Bellevue Hospital who were in need of tiansfusions, and the donors, 
as far as they themselves knew and to all outward appearances, formed 
a group of average healthy adults 

From Table 1 and the accompanying chart it will be noted, first, that 
the average index was 441, and, second, that 90 8 per cent of the con- 
tiol cases had an index between 3 5 and 5 5, inclusive Van den Bergh ® 


Table 1 — Iclous lndc\ Dctci mutations m One Hundted and Tiveniv Contiols, 

Avetage Index, 4 41 


icteius Index 

Numbei of Cnse= 

20 

1 

2 5 

0 

20 

4 

85 

1") 

40 

29 

45 

28 

5 0 

10 

■) 3 

8 

00 

2 

0 5 

0 

70 

2 

7 5 

0 

80 

0 

85 

0 

<)0 

r 


obtained similar figuies This suggests a rathei n^ell defined lange of 
normal variation, and when a determination is obtained that is either 
above or below this range, a clinical cause theiefoie should be sought 
It IS altogether probable, had we been fortunate enough to be able to 
make a thorough examination of the donors with indexes outside this 
range, that in the majority of cases the cause of the variation from the 
so-called normal could have been determined Thus, we found that the 
lone index of 9 belonged to a rather obese Italian woman, aged 44, 
giving a typical history of chronic cholecystitis 

Our own senes of clinical cases includes twenty-thiee cases of pei- 
nicious anemia, twenty-three cases of carcinoma with anemia, fourteen 
examples of secondary anemia and eighteen conditions othei than 
pernicious anemia giving a high index 

Let us consider, first, the cases of pernicious anemia (Table 2) This 
senes was selected for the reason that it includes only those in which 
the final diagnosis was confirmed beyond a reasonable doubt We were 
fortunate enough subsequently to confirm two of these diagnoses by 
postmortem examination The results are very consistent, the icterus 



ST GEORGE-BROU EIWS IRDEX IK ANEMIA 849 

index in ever)'^ case being well above the lange of noimal ^a^latlo^ 
In uncomplicated cases the lange varied fiom 9 to 12 5, with an a\eiage 

index of 9 7 

The fact that we found an inci eased index in peinicious anemia is 
in accord with the woik of othci investigatoi s Audi ewes ‘ piesents a 
series of such cases, all of which gave a ^'an den Beigh indiiect test 
abo\e the noimal lange Hirschfeld and Lepehnc" dian siinilai 
conclusions 

By complicated cases we mean those in nhich some factoi nthci 
than hemolytic anemia is woiking to gi\e a high icterus index, as in 
Cases 30, 34 and 36 m winch the caidiac failuic piodiiccd moic oi less 



marked hepatic obstiuction If, pei chance, the question arises as to 
whether the high index in a particular case is due to hemolytic anemia 
or to hepatic obstiuction, then Van den Bcigh’s diicct test may be 
performed (The serum fiom cases of obstiuctivc jaundice gives a 
direct reaction, and normal serums oi those fiom hemolytic anemias 
give the indnect reaction only ) 

No constant iclalionslup was noted between the height of the index 
an the seventy of the anemia This seems to be dependent, lathei, on 
le pmse of the cycle duiing which blood is taken from the patient 
enng from peinicious anemia Thus, during a bone manow ciisis 


Andrevves, C H Quart J Med 18 69, 1924 
Hirschfeld Ztschr f khn Med 87 1, 1919 
epehne, G Deutsch Arch f khn Med 135 79 (Jan ) 1921 
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01 even before the ciisis, the, index mounts lapidly day b> da>, and, 
similarly befoie obvious clinical impiovement the index giadually falls 
toi\ard ie noimal This suggests a clinical means of deteimimng 
when It lYOuld be adMsable to tiansfuse a pernicious anemia patient, as 
^\ell as when the patient might impio\c spontaneousl) 

Table 3 consists of tu enU -tin ee cases of caicinoma uith anemia 
The results heie also ueie unifoiiiiK consistent in that the icteius index 
was invanably at or below the noinial lange Oiei half of these cases 
proved to be caicmoma on liistologtc examination of the new giowlh 
In the othei cases, the giowlh was so fai ad\anccd as to he dcclaied 
inoperable 

It IS w'ell knowMi that anemia due to an obscui e new gi ow th and 
pernicious anemia not infrequcntU picscnt confusingl} siinilai blood 
pictures to the a^erage laboiator\ man. to sn\ nothing of the bus> 
practitioner Similarly, as shown In Wai field,' clnonic infecluhis often 
give a pictuie that on ciiiMiri examination is diagnosed as peiiiicioiis 
anemia Cases 93 to 97, iiichistvc. arc examples of this condition 
In Case 97, the diagnosis made at nccio]is\ diflcrcd fioni that made 
during life, wdiich w’as peinicions ancmi.i The jiaticnt was a man 
aged 45, ivlio had been ill for about six w'ceks Me was jaundiced . the 
luer and spleen w'eie enlaiged, the red cells totaled 610.000 and 
hemoglobin 15 per cent, with all forms of <ibnormal icd cells, the 
Wassermann reaction w^as -j — j — j- ici)ealcdh At the time we saw the 
patient, the follownng note was made, on the b.isis of the itleius index, 
which w'as 46 

The height of this index cannot be accounted foi b\ a simple c.isc of ]iei nicious 
anemia nor by uncomplicated Banti's disease However, cither of the abo\c, 
plus cardiac decompensation, producing obstruction (jiassuo congestion) in the 
h\er, could give such an index Again, if the .incim.i is the sole cause, theie 
would have to be a tremendous amount of actue Idood dcstiuttion as occasionalh 
occurs 111 acute arsphenamin poisoning 

In the light of oui piesent knowdedge, wc could also ha\c consideied 
the possibility of chiomc sepsis The neciojisj note In Di Douglas 
Symmers contains the following statement ‘‘At autojis}, the wdiole 
picture appealed to be easily explained on the basis of chionic sepsis 
with hemolytic jaundice ” 

This brings forth the possibihl) of the facile use of the icteius 
'n ex as an aid m the diffeiential diagnosis, not only of cases of hemo- 
ytic anemia from secondaiy anemia, but moic especially of cases of 
pernicious anemia fiom anemia due to caicmoma Thus' if wc glance 

L ^ u respective of the degiec of the anemia, 

1C erus i ndex in cases of pernicious anemia was unifoimly above the 

7 Warfield, L M New Yoik State T Med 25 147 (Fob 6) 1925 
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ST GEORGE-BROIF^—ICI hKUS INDEX J.\ AX EMI A 8SS 

noimal lauge, and in cases of caicinoma it was below iioimal The 
uiteiestiiig point is that not only both senes have indexes diflenng 
from normal and fiom one anothei, but that each lange is on the oppo- 
site side of noiinal, making difieicntiation by means of the icteuis index 
lelatively simple 

The fact that hemolytic anemia can be leadil} diileientiated fiom 
anemia due to othei causes, b) means of the icteuis index, has been 
pointed out befoic by Lcpehne ** and by Audi ewes ‘ 

Table 4 piesents examples of \aiious conditions in A\hich theie ^\as 
secondary anemia with a low index Uncomplicated cases of secondai} 
anemia are thus seen to gue a unifoimly low noimal or belou noimal 
index This table also is of special inteicst foi the icason that the cases 
contained theiein weie at first wiongly diagnosed clmicalh as peinicious 
anemia, and finally turned out to be secondary anemias of one soit oi 
anothei (Cases 41, 43. 45 and 50) 

It IS not to be supposed that a diagnosis of peimcious anemia is to 
be made meieh because the patient piesents a high index with inoie oi 
less marked anemia Thus, Table 5 gives numeious examples of condi- 
tions other than peinicious anemia which may give a high index Main 
of these conditions can be diffeicntiatcd with ease clinically and b> the 
history, etc, or wuth the additional infoiination supplied by Van den 
Bergh’s test 

Likewnse, complicating factois must ahva}s be borne in mind m the 
interpretation of any index leading Foi example, wdiat w'ould oidi- 
narily be considered a noimal oi abo\c noimal index might be low^eied 
because of hemorrhage, or, on the other hand, the index in a paiticulai 
case might be raised by such factois as coexisting pneumonia, caidiac 
insufficiency, or even a slight chionic cholecystitis Case 19, Table 3, 
illustrates the point in question Here we have a case of caicinoma of 
the sigmoid (pioved at neciopsy) wnth seveie anemia, shownng no 
metastases m the liver oi m the biliary system, but nevertheless gnmg 
a high icterus index The answer lies m the terminal pneumonia which, 
through hypostatic congestion, caused biliaiy stasis and gave the laised 
icterus index Here, as wnth almost everything else in medicine, tlic 
peisonal equation must be brought to beai 

sut^imary 

1 Ihe icterus index, lationally inteipieted and peifoimed by a 
5>miple method, is a distinct clinical aid in the differentiation of the 
anemias 

(a) Uncomplicated cases of hemolytic anemia have an index above 
the normal range 

(h) Uncomplicated cases of secondaiy anemia have a low index, 
generally below the normal range 
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2 Uncomplicated cases of pernicious anemia and the severe anemia 
simulating it m cases of carcinoma may be readily differentiated by the 
icterus index, in that the former hav'^e an index consistently above the 
normal (8 to 12 5) and the latter below the normal range 

3 (a) The most common factois to be borne in mind which may 
raise the icterus index above the usual for the primary disease in the 
subject in question are coexisting pneumonia, cardiac insufificienc} and 
chronic sepsis (especially in the biliary system) 

(b) The factoi that may lowei the icterus index below the usual 
foi the disease m question is henioiihage, especially a constant, slov\ 
(oozing) bleeding, such as occurs in gastio-intestinal new growths 

4 The normal range of the icterus index, as determined by the 
modified Meulengracht method, is from 3 5 to 5 5, with an average of 
4 41, for 120 cases 

a It IS suggested that the icterus index may be used to follow the 
course of pernicious anemia and determine, before the blood count 
falls, when it is advisable to give a transfusion, as well as vvdien the 
patient is likely to impiove spontaneousl}'- 



THE CONCENTRATION OF THE BLOOD AND 
OF THE URINE IN DIABETIC TOXEMIA 


HAROLD A BULGER, MD 

AND 

JOHN P PETERS, MD 

WITH THE ASSISTANCE OF 

Carter Lee and Celia F Murphy 

' NEW haven, conn 

The marked concentiation of the blood that is found m the seveie 
diabetic state has been pointed out in a previous aiticle ^ Fleie we wish 
to show the sti iking changes in the concentiation of the urine that aie 
associated with this condition and to indicate the lapid alteiations that 
accompany successful therapy 

Uiinary nitiogen was detei mined by the usual Kjeldahl method, 
sugar by a modification of Benedict and Osterberg’s micro method ^ in 
the earlier studies and later by the Shaftei and Haitmann method ' 
Urinaiy phosphate was estimated by the method of Bell and Doisy as 
modified by Biiggs,^ and chloiid by Volhaid-Harvey titiation The 
Austin and Van Slyke^ method for plasma chloiid was used m eailiei 
studies, later Van Slyke’s ° new method was substituted Plasma phos- 
phate was detei mined at first by Brigg’s ^ modification of the Bell and 
Doisy method and later by the pioceduie pioposed by Benedict and 
Theis ' The other methods used and the geneial procedure followed 
in the examination of the blood have alieady been desciibed 

Treatment duiing the first few days consisted m giving, m conjunc- 
tion with insulin, large amounts of fluid and consideiable caibohydiate 
In the most severe cases a diet was not started until after two or thiee 
days of tieatment Caibohydrate was given in the form of 5 per cent 
glucose solution subcutaneously and oiange juice sweetened with suciose 
or lactose by mouth After the fiist twenty-four houis milk, cream 
and lactose weie often added in sufficient amounts to appioximale a 
leplacement diet The 5 per cent glucose solution was given m amounts 
of 500 cc at a time, togethei with 1,000 c c of physiologic sodium 
chlorid solution once or twice in twenty-four houis This we belie\e 

From the department of internal medicine of Yale University and the 
medical service of the New Haven Hospital 

1 Peters, J P , Bulger, H A, and Eisemann, A J T Clin Invest 1 435- 
451, 1925 

2 Benedicts R , and Osterberg, Emil J Biol Chem 48 51 (Sept) 1921 

3 Shaffer, P A , and Hartmann, A F J Biol Chem 45 365 (Jan ) 1921 

4 Briggs, A P J Biol Chem 53 13 (July) 1922 

5 Austin, J H, and Van Slyke, D D J Biol Chem 41 345 (March) 1920 

6 Van Slyke, D D J Biol Chem 58 523 (Dec ) 1923 

7 Benedict, S R , and Theis, R C J Biol Chem 59 63 f Aug ) 1924 
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IS a valuable aid in increasing the fluid intake, especially in cases with 
persistent romiting or coma Insulin dosage was estimated aibitraiil} 
according to the height of the blood sugai, the persistence of gl}Cosuna 
and the amount of carbohydrate to be given It was geneially followed 
within half an hour by a feeding or injection of carbohydiate 

A striking dehydration of the blood has been a prominent feature in 
all cases of seiere diabetic toxemia, and is, ne believe, worthy of impor- 
tant consideration m treatment This dehydration is indicated m the 
cases shown in Table 1 bv the high initial concentiation of hemoglobin 


Table 1 — Summaty of Cases 
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and of cells in the blood and of protein in the plasma These changes 
appear to be due to a decrease in the water of the blood rathei than to 
an absolute increase in the blood elements affected The cause of this 
concentration of the blood is not entirely clear It does not appear to be 
related to a diminution in fluid intake Although vomiting was a j^romi- 
nent feature in some cases, concentration was quite as maiked in those 
cases without coiniting Considerable dilution was effected general!} 
uithin tuent}-four hours and always at the end of forty-eight hours 
In the last column of Table 1 are recorded associated changes in plasma 
carbon dioxid and blood sugar It seems obvious that the alterations m 
blood Indration are not related to the level of the blood sugar He per- 
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o-lycemia may persist or even increase as the blood becomes diluted 
Sherrill and John® have shown that the pioduction of hyperglycemia 
ni normal and in diabetic subjects is often accompanied by blood dilu- 
tion and oliguiia Such reactions and the changes m blood concentra- 
tion produced b) insulin appeal to be quite difteient from those heie 
described 

Haldane and his associates have shoN% n that salts that induce 
acidosis cause concentiation of the blood Fluid letention resulting 
from admmistiation of sodium bicaibonate is occasionally met with 
The edema associated with diabetes is quickly leheved by the adminis- 
tration of acidotic dings Without exception, striking blood dilution 
durino- the hist two davs of treatment was associated with an increase 
in plasma caibon dioxid, but it must be emphasized that anhydiemia 
may be found when there is little oi no acidosis Patient 7, with maiked 
concentration of the blood, showed only a slight decrease in plasma 
caibon dioxid Patients 1 and 2 had both received sodium bicarbonate 
before admission to the hospital, and neither had much reduction in 
plasma carbon dioxid The last case is of considerable interest The 
patient had a pneumonia and died shortly after the second blood was 
taken It was impossible for her to take large amounts of fluid by 
mouth In spite of the fact that glycosuria and acetonuiia weie relieved 
by insulin the blood became more concentrated It is mteiesting that 
Patient 1 had slight edema of the ankles and shins though theie was 
definite eiidence of blood concentration Between the first two observa- 
tions of Case 4 there was a considerable increase of caibon dioxid 
without any associated change of blood concentration 

In Tables 2 to 8 are recorded the results of analysis of each sepa- 
rate specimen of urine voided during the first few days that the patient 
vas in the hospital, togethei with the associated changes in the blood and 
plasma In several instances the study was continued by analj^zing the 
urine from twenty-four hour periods only Therapy in each case was 
instituted as soon as the first specimen was obtained The top row of 
figures 111 each table shows, therefore, the state of the blood and urine 
before treatment was begun The volume of each specimen of urine is 
recorded in the third column Estimations of the rate of urine excre- 
tion, shown in Column 3, were obtained by dividing the volume by the 

8 Sherrill, J W, and John, H J J Metabolic Res 1 109 (Jan) 1922 
T i-.? ®3ird, M M , Douglas, C G , Haldane, J B S , and Priestly, J G 
J Physiol 57 41 (Jan) 1923 Haldane, J B S , Hill, R, and Luck, J M 
I Physiol 57 301 (June) 1923 

10 Falta, W Wien Arch f inn Med 5 581 (Jan ) 1923 Atchley, D W , 
koeb, R F , and Benedict, E M Physicochemical Studies of Calcium Chlorid 
Diuresis, abstr , J A M A 80 1643 (June 2) 1923 Rockwood, Reed, and 
C W Calcium Tieatinent for Edema, Arch Int Med 33 643 (May) 
1924 Keith, N M , Barrier, C W, and Wheland, Mary Treatment of 
iMephritis and Edema with Calcium, J A M A 83 666 (Aug 30) 1924 
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tune intei veiling between that and the piccccling voiding Of aniise 
theie was no assuiance that the hladdci was emptied completely eacli 
time and the irregulai ities enconntei ed wci e to be expected The niti o- 
<ren excreted each horn , shown in Column 6, was estimated in a similai 
way Column 7 shows the mtiogen excicted dm mg twenty-fom hour 
periods, staiting at the time of admission One specimen fieqiienth 
overlapped two twent>-fom horn iieiiods d he mtiogen allotted to each 
was then estimated by intei )iolation Columns 8. 9 and 10 recoul the 
concentrations of sodium chloiid inoiganic pho‘'phoiiis and glucose, 
lespectively, in giams pci htci. Column 10 the lelatue intensit\ ot 
Legal’s nitropuissid test foi acetone 

In all cases of seveie diabetic toxemia the dehydiation of the blood 
was associated with the pioduction of mine containing lemaihabl} low 
concentrations of nitrogen and sodium chloiid As the condition of the 
jiatients impioved and the hlood became diluted the conccnti ation of 
these substances in the urine incieased with siupnsing lapidiU These 
paradoxic changes occurred m the absence of any constant v ai lation in 
the rate of uiine excretion Fuitheimoic, ihcie seemed to be no icla- 
tionship between urine conccnti ation and an) individual constituent of 
the blood The mtiogen and salt intake was invaiiably low and could 
not possibly have accounted foi these changes 

In each case of severe diabetic toxemia the concenti ation of nitrogen 
in the admission specimen of ui me was low In foui instances concen- 
trations as low as 2 5, 2 6, 2 7 and 2 8 gm pei liter, i espectively, weie 
encountered The rate of uiine excietion could not be determined m 
these cases before starting tieatment, but the v^olumc output imme- 
diately afterward suggests that it was not excessive and piobabty was 
I datively low Apparently oligui la and even anui la may f i equently occur 
111 diabetic toxemia An mciease m protein metabolism in this condition 
is well known and it seems rational to conclude that we arc concerned 
here with a definite failure to eliminate nitrogen Table 2 shows the 
study of a case of severe diabetic toxemia The concentration of nitro- 
gen in the urine (Column 5) was very low on admission but increased 
steadily and became comparatively normal in less than eighteen hours 
The rapid increase in the rate of excietion (Column 6) is even more 
striking At a later admission the same patient presented similar phe- 
nomena (Table 3) In this one instance the nonpiotein nitrogen of the 
blood and the rate of nitrogen elimination increased simultaneously 
(Column 18) 

In the study of Case 5 (Table 4) the concenti ation of nitrogen in 
the urine rose from 6 to 16 gm per litei m twenty-four houis Changes 
of a similar nature are also recorded in Tables 5, 6 and 7 In all of 
these cases, following the institution of tieatment, theie was a steady 
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and rapid increase in the nitiogeii concentration of the mine until noi- 
mal or relatively high values were obtained Almost without exception 
there was also an increase in the rate of mine excretion during this 
period resulting in a striking increase in the late of nitiogen elimination 
In some cases the initial rise in the rate of elimination reached an 
abnormally high point, later declining to a more oi less constant level 
This IS well illustrated in Tables 2, 4 and 6 The maximum rise occui red 
at the end of about thirty-six hours although normal concentrations were 
frequently present at the end of eighteen hours The excessive nitiogen 
excretion that was frequently found during the second and third days 
suggests that during the period of anhydremia and dilute mine there is 
a retention of nitrogen that is swept out as the dehydration is o\ ercome 
Several of these cases haA e not sho\% n much retention of niti ogen in the 
blood, but in Case 1 (Table 1) on admission there was a definite eleva- 
tion of nonpiotein nitrogen that fell to noimal in twenty-four houis 
In two other instances, Cases 4 and 8, the blood nonprotein nitrogen 
diminished as the concentration and elimination of nitiogen in the urine 
rose 

The alterations of the mmary sodium chlorid concentration weie 
similar to, but more maiked than, the nitrogen changes The dehydia- 
tion was attended by extremely low concentrations of sodium chloiid m 
the urine (Column 8 in each table) The admission urine from Patient 3 
(Table 3) was practically chloi id-free With adequate treatment the 
urinary chlorid coiicentiation rose to many times the oiigmal value in 
less than hventy-four hours The steady mciease and maximum, rise 
corresponded in time to the similai changes of nitiogen With Case 3 
(Table 2) the plasma chlond decreased somewhat, yet during the same 
period the chlorid in the urine inci eased from 0 4 to 6 2 gm per litei 
In only one instance (Table 4) was the increase of chlond in the ui me 
associated with a great increase of plasma chlond 

Similar paradoxic changes were encountered in the lelationship of 
blood and urine sugar This is illustrated by Case 3 (Table 2) The 
uiine at the time of admission contained only 7 6 gm of glucose per liter 
while the blood sugai was 616 mg About twelve houis later the urine 
sugar had increased to 21 7 gm pei liter while the blood sugai had 
fallen to 344 mg Although the blood sugar deci eased about one half, 
the urine sugai increased appi oximately threefold Similai but less 
marked changes in blood and uiine sugar weie found in Case 6 
(Table 6) It is apparently a well known fact that with the approach 
of diabetic coma the sugar in the urine may disappeai Joslin states. 


11 Epstein, A A , and Felsen, J 
p 380 ^°^ ’"’ ^ ^ Treatment 


Am J M Sc 153 58 (Jan ) 1917 
of Dialietes Melhtus, New York, 1923, 
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'‘It IS ceitamly true that one often encounters falling peiceiitages of 
urinary sugar as coma acUances ” Epstein, Reiss and Bianorver hare 
shown that high blood sugai frequently occurs aftei operation without 
alvcosuria and that at the same time there is a diminution m phenol- 
sulphoneplithalem exci etion 

The phosphate of the uiine in thiee cases was studied dining the 
niitial period of lapid impiovement and the observations of othei 
authors confiimed Quite unlike the nitrogen and chloiid. the uiinai} 
phosphate concenti ation on admission w'as relatnely high and fell 
lapidl} with treatment In each case this decline w^as followed by a 
use reaching concentrations m tw^o instances much greater than those 
tound in the initial urine specimens The reduction may be ascribed to 
the rapid remor al of phosphate fi om the blood in the demobilization of 
caibolqdrate For the later rise no obrious explanation oflers itself 
Fitz has repotted studies of the renal function in seren cases of 
nnpending oi tiue diabetic coma High blood uiea w^as fiequenth 
tound and in all cases the concentration of urea and sugar in the mine 
was low 111 compai ison wuth that of the blood In one fatal case in wdiich 
the acetone bodies of the blood and of the urine were studied uiinai} 
acetone deci eased steadily without an\ corresponding diminution of 
blood acetone Fitz suggests that the acetone bodies ma) exeit a specific 
toxic effect on the kidners He made no detei minations that would 
indicate the changes in the concentration of the blood 

Warburg^'"' has repoited some cases of “diabetic coma wntlr lueniia ' 
Two patients w'^eie admitted to the hospital in coma wnth very high blood 
sugar and Ktissinaul Ineathing At fiist diuiesis w^as slight and Aeiy 
high urea values w^ere found m the blood (129 and 270 mg per cent) 
In one case there w^as no albumin in the mine and in the other a mod- 
el ate amount Both patients w’^eie restored to health wnth insulin 
theiapy, the blood urea falling to normal in the couise of about tw'O 
weeks Later kidne) function tests show'ed no definite abiioimalities 
He describes another case of a gnl, aged 20, wuth knowm diabetes, wdio 
was admitted in coma She was tieated inadequately wuth insulin and 
fluids, and der eloped anuria and died No blood uiea detei minations 
W'ere made The kidneys at neciopsy wmie said to present gioss eri- 
dence of acute parenchymatous nephritis, but no histologic study wms 
made Warbuig remarks that “it does not appear to be geneiall) 
acknowledged that the kidneys often become strongly deficient in 
diabetic coma” He has reviewed the history of diabetic coma thoi- 
Q^ghly and states that oliguria and anui la ai e common 

• 9 R Toseph, and Branower, Jacob J Biol Chem 

^5 (Aug ) 1916 

(Nov Kidney Function in Diabetes, Arch Int Med 20 809 

15 Warburg, Enk Acta nicd Scandinav 59 301, 1925 
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It IS impossible to draw am definite conclusions as to whether there 
IS a causal relationship between the concentiation of the blood and 
this inabilit} to concentrate mine It is interesting to consider the pos- 
sibilit} of an increase of osmotic lesistance due to an increase in the 
plasma colloids The plasma pioteins in some of our cases were not 
extremely high In all of the cases reported heie there were more oi 
less albumin and hyaline and gianular casts m the urine lief ore treat- 
ment was begun The albumin and casts m these toxic states suggest 
local kidne) changes Some distmbancc of lenal cii dilation might 
well explain the functional alterations obsened, structinal damage to 
the kidnev is hardl} concenable in view of the lapid lecoiery of func- 
tion that follows well directed therapy The excessue concentiation of 
the urine encountered during the second oi third da\s wnthoiit constant 
comparable \anations in blood constituents suggests that alteiations in 
general tissue metabolism ma} pla} some role m the phenomena 
observed 

In this connection it is interesting to contiast Cases 8 and 4 Patient 
S was admitted to the hospital aftei a long period of malnutrition He 
complained chiefly of w'eakness and inaiked loss of wmight There had 
been no recent change in his condition and acidosis had piobabh been 
present for some time His diabetes wms model atel} severe but his 
condition was not immediateh serious In this case the dilution of tlie 
blood following treatment was quite characteristic but the concentration 
of nitrogen in the urine deci eased steadily, quite m contrast with the 
other cases reported here It is also to be noted that this jialient had a 
marked dmiesis fiom the fiist The concentiation of chloiid during 
the first twenty-four houis of treatment w'as somewhat greater than that 
of the admission urine, but the change wms not gieat An insufficient 
diet rather high in proteins probably explains the high nitrogen excie- 
tion on admission The diminishing excretion following tieatment was 
probably due to the fact that increased utiliration of carbohydrate and 
fat permitted the storage of piotein to comjiensate foi the pieceding 
period of undernutntion 

Patient 4 also had diabetes of model ate seveiit) but w^as admitted 
to the hospital in a very serious condition He had been careless in 
toiJowing tieatment and the day before admission became cold, vomited 
several times and later developed headache and severe epigasti ic pains 
On admission he was m a state of restless coma Hyperv entilation was 
extreme His skin was cold and cyanotic, the teiiqierature subnormal 
and the pulse weak and lapid He was obviously veiy sick To this 
condition as contrasted with that of Case 8, we have applied the term 
toxemia” The teim has not been used as synonymous with eithei 
acidosis or ketosis but to distinguish the cases in which the condition 
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appears immediately gra^e, cases generally complicated by infection 
and showing m addition to maiked ketosis and dehydiation, stiipor or 
coma and various manifestations of circulatoiy failure With improve- 
ment m his condition this patient did exhibit the characteristic lapid 
alteration m the concentration of the urine, but a blood examination 
forty hours after the institution of tieatment revealed no change in 
concentration, although the patient had been given large 3.tuounts of 
fluids and the plasma caibon dioxid had increased 35 per cent by 
volume 

There was therefore quite a contiast between the conditions of the 
two patients, conditions effecting a marked difference m the production 
of mine The former showed a rapid dilution of the blood hut not 
the changes in the concentration of the urine winch have been charac- 
teristic of diabetic toxemia The latter showed the increasing concentia- 
tions of the urine while the concentration of the blood remained unal- 
tered This suggests that the dilute urme may not be directly dependent 
on the dehydration of the blood but on some other changes charactei istic 
of the toxemia 

These studies have emphasized certain nnpoitant consideiations in 
treatment They not only indicate clearl 3 ^ the importance of giving 
large amounts of fluids but also the urgent need of combating the 
toxic destruction of protein These considerations aie all the moie 
important in cases complicated by infection m which theie is additional 
protein destruction, and in cases complicated with kidne}'^ disease in 
winch there is a greater tendencj- for nitrogen i etention It seems clear 
that gljcosuna in itself can be disiegaided and laige amounts of cai- 
bohydrate given in conjunction with insulin, not onl37 to reduce ketosis 
and acidosis but as a means of spaiing the toxic destiuction of proteins 


CONCLUSIONS 

In seiere diabetic toxemia with maiked dehydration of the blood the 
concentration of nitrogen and chlond m the urme is extremely low 
IVith adequate treatment there is a rapid dilution of the blood and a 

concentration of these substances in the mine 
lere is no direct relationship between the alterations m the blood 
and the urine and none of the changes appear to be significantly affected 
3 the presence or degiee of hyperglycemia oi glycosuria 

i re bearing of these phenomena on the treatment of diabetic tox- 
emia has been considered 


report of cases 

a >ear,^cntered\h? h”osS tuth diabetes for at least 

for two weeks and ners^stpnt history of cough and “a cold in her chest’^ 

for three or four \ears and f^“r days There had been nocturia 

tour >ears and pvuria at intervals For several days before admis- 
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mnn she had received large doses of sodnim bicaihoiuile She vas well 
uounshed but appeared acutely lU 

depth but she was definitely drowsy The mouth was drj ei.tpi 

cardiac enlargement and scattered rales throughout the lungs hci c was slight 
subcutaneous edema of both shins and ankles The temperatuic was 96 T, 
and the pulse 100 per minute The systolic blood pressure was 180, and the 
diastolic 98 Ihe urine showed considerable sugar and acetone and an abundance 
of pus The blood nonprotem nitrogen was 67 mg per hundred culnc centimctci s 
The patient entered the hospital m the afternoon of December 11 By the 
following morning she had received 30 units of insulin hut vomiting coiitiinicd,. 
interfering with the administi atioii of fluid The blood mnpi olein nitrogen n.is 
still 67 mg During the second day the rales in her chest cleared and she seemed 
to he retaining some fluid At the tune of tiie second blood examination, ahom 
forty hours after admission, she had received 64 units of insulin and was some- 
what improved The edema was slightly more marked The wine contained 
110 sugar or acetone Because of the coiiiiiiuous vomiting, the low plasma 
chlorid and gastric anacidily, she was gi\en 1,000 cc of physiologic soduim 
chiorid solution by hypodeimoclysis Improsement was lapid Five days aftci 
admission the phcnolsulphonephtlialciii excretion was 63 per cent in two hoins 
and ten minutes She ivas finally discharged on a maintenance diet without 
msulin 


Case 2 — Ihc patient was a w'oman, aged 57, who had had glycosuna and 
hypertension for at least three yeais Five weeks before admission she dtt eloped 
a cold which gradually grew worse Twm days before admission there was 
marked lespiratory distress with blood tinged sputum She had been gneii 
sodium bicarbonate by month On admission the patient was scmicomalnsc, w'Uh 
rapid shallow respirations and marked cyanosis, obviously slie was extremely ill 
The temperature was 101 F, the pulse 120 ami icspiratioiis 42 per minute The 
lungs showed evidence of extensive gcncrahrcO bionchopncumonia The heail 
was slightly enlarged and the blood pressure elevated, the systolic being- 170 and 
the diastolic 80 The urine showed consideiable siigai, a moderate amount of 
acetone, a faint trace of albunun and an occasional hyaline cast 

She was admitted at 7 p m, Dee 13, 1922 It was very difficnlt to give 
anything by mouth, and very little nourishment wms admimstered By means of 
small doses of insulin the urine ivas freed from sugai and acetone by the follow- 
ing morning Later that day the patient vomited several times, a total of 600 c c 
She became involuntary of urine and feces, gicw progicssivcly w'orsc and died 
dftci being in the hospital fifty-foui hours The total fluid intake wdnlc in the 
hospital was about 4,000 c c 

Case 3— A woman, aged 50, entered the hospital, July 26, 1923, complaimng 
of weakness, thirst and polyuria The symptoms had begun suddenly about 
eight weeks earlier She was slightly emaciated but not extrcmclv ill There 
was no hypertension The urmc was negative except for sugai Aftci thice 
weeks she was discharged on a maintenance diet icquitmg small doses of 
insulin 


After discharge from the hospital the impiovcment m hci gcncial condition 
was not marked The few weeks before the second admission coopeialioa and 
consequently treatment were unsatisfactory Foui days before the second 
admission she was seized with severe abdominal pains and vomiting The 
pam and vomiting persisted She was moderately emaciated, with dry skin 
and mucous membranes, breathing deeply wnth evident air hunger She was 
nearly comatose and obviously qmte ill The pulse was rapid but legiilai 
-iJiere was sonie tenderness m the epigastrium but no spasm oi rigidity The 
weight wds 125 pounds (567 kg ) The mine showed albumin, a few hyaline 
and gi'anular casts and large amounts of sugar and acetone The blood count 

wTfn '““kocytes She wa, ad, tied at 

P m, Nov 19, 1923 During the first twenty-four hours she icccivcd 185 
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units of insuhn, together with fluids containing sucrose, by mouth and 3,100 c c 
of physiologic sodium chlorid solution and 700 c c of 5 per cent glucose by 
hypodermoljsis At the end of this period there was very little change in her 
general condition During the second twenty-four hours she received 85 units 
of insulin, with continuation of the sucrose by mouth On the morning of the 
third day she was definitely improved and her diet was started She was finally 
discharged on her previous diet requiring larger doses of insulin 

She entered the hospital a third time. Sept 6, 1924, with a history similar to 
that preceding the previous admission except that vomiting and abdominal pain 
had continued for only twenty-four hours She was very weak and drowsy with 
deep respirations and e\idence of marked dehj'dration The heart was rapid 
with numerous extrasystoles The urine w'as negative except for sugar and 
acetone She was admitted about 10 30 p m and at once given 1,000 cc of 
physiologic sodium chlorid solution and 500 cc of 5 per cent glucose by hypo- 
dermoclysis with 40 units of insulin Orange juice with sucrose was given in 
small amounts at a time During the night she received 40 units more of 
insulin and the following morning nausea and abdominal pain had lessened 
During the daj, however, vomiting continued, and she was again given 
physiologic sodium chlorid solution and 500 cc of 5 per cent glucose under 
the skin and fluids limited to 50 c c every half hour by mouth By midnight she 
had received an additional 95 units of insulin and her condition was much 
improved She continued to improve clinically On the morning of September 
10 she got out of bed without permission, became dizzy and vomited Vomiting 
continued and there was a return of acidosis and air hunger The plasma carbon 
dioxid fell to 28 per cent by \olume The diet was stopped and she wms allowed 
only orange juice and water by mouth, wuth insulin as required Under these 
circumstances she recovered rapidly and the diet was resumed the next daj 
A,fter one month in the hospital she was discharged on a diet containing 50 gm 
of protein, 150 gm of fat and 100 gm of carbohydrate, requiring 136 units of 
insulin daily 


Case 4— A man, aged 33, was first admitted to the hospital in November, 
1923, for the repair of bilateral inguinal hernia He did not regain his strength 
after the operation and later developed marked polyuria and began to lose 
weight and strength Glycosuria w-as diagnosed and he again entered the 
hospital in March, 1924 At this time he was fairly w^ell nourished and had no 
acidosis The weight the day of admission was 145 pounds (65 8 kg) The 
urine sugar cleared rapidly with insulin and he was discharged on a diet con- 
taining 70 gm of protein, 200 gm of fat and 100 gm of carbohydrate, requiring 
10 units of insulin daily 

The patient apparently did quite well on this regimen, but about two months 
before the second admission stopped insulin and dieting Polydypsia and poly- 
uria then became marked and he began to lose weight A productive cough 
de^ eloped The day before admission he became lery cold, vomited several 
tunes and later developed headache and severe epigastric pain He could not 
remember anj thing that happened the day of admission 

He was admitted, March 22, 1925, at 4 40 p m obviously in a verj serious 
condition He w'as comatose but restless and thrashed about the bed, he was 
considerably emaciated The respirations were very deep and increased in 

pftr ^ general cyanosis, the mouth was 

extremeh drj and the throat was inflamed The heart was regular and not 
enlarged the rate being 84 The lungs showed dulness, bronchial breathing 
and rales m the right interscapular region The abdomen was negative the 

r^Xatc ammmt of .II. considerable sugar and acetone, a 

^ciJfast iTcd granular casts The sputum showed 

(60 3 kO was 133 pounds 
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after admission he was given 1,500 c c of physiologic sodium chlond 
solution subcutaneously When urged he would take fluids by mouth and was 
eiven m addition to water, sweetened orange juice and, later mixtures of milk, 
factose and cream On the second day he also was given 1,000 c c of physio ogic 
sodium chlond solution and 500 c c of 5 per cent glucose By the time of the 
second blood examination, forty hours later, he had received approximately 285 
gm of carbohydrate, 40 gm of fat and 15 gm of protein, together wiBi 8,600 c c 
of fluid and 210 units of insulin Improvement had been marked Four weeks 
later he was on a diet containing 75 gm of protein, 250 gm of fat and 125 gm 
of carbohydrate, requiring IS units of insulin daily 

Case 5— A woman, aged 56, was brought to the hospital m coma Five years 
before she had had a similar illness, said to have been diabetic coma Following 
this she lived on a restricted diet until a few months before admission During 
those few months the urine showed varjing amounts of sugar but the patient 
felt well, losing only slightly in weight Two days before she entered the hos- 
pital she became stuporous and up to the time of admission had not been 
aroused from this condition 


She was completely unconscious The skin and mucous membranes were 
quite dry The pulse was 108 per minute and regular The respirations were 
deep The temperature was 101 F The heart was moderately enlarged and the 
peripheral arteries showed definite sclerosis There were no hypertension and 
no signs of cardiac failure Over the base of the right lung there was dulness 
with diminished breath sounds and rales Examination of the abdomen revealed 
nothing of special note There were no neurologic signs The urine showed 
a slight trace of albumin and considerable sugar and acetone The sediment 
contained numerous hyaline casts The blood count showed 6,250,000 red blood 
cells and'27,000 leukocytes 

The patient was admitted to the hospital at 11 a m, Jan 28, 1924 With 
constant urging she could be made to swallow water and sweetened orange 
juice In addition 2,000 cc of physiologic sodium chlond solution and 1,000 cc 
of 5 per cent glucose were given by hypodcrmoclysis during the first day, 
making a total of 5,000 c c of fluid By the time of the second blood examination 
the following morning, she had received 200 units of insulin The mental con- 
dition was unchanged, but the respirations had quieted down During the next 
twenty-four hours she received, in addition to fluids by mouth, physiologic 
sodium chlond solution and 500 c c of 5 per cent glucose by hypodcrmoclysis, 
together with 145 units of insulin On the third day she was apparently con- 
scious and responded to stimuli hut did not speak and seemed somewhat 
confused With further treatment her general condition improved, but aphasia 
persisted Three weeks later she developed a pneumonia and at about the same 
time a pyelitis These conditions cleared up slowly She was discharged from 
the hospital four months later on a diet containing 50 gm of protein, 150 gm 
of fat and 100 gm of carbohydrate and requiring 45 units of insulin daily 
Later insulin was gradually discontinued The aphasia has persisted to the 
present time 


Case 6— A white man, aged 36, whose diabetic symptoms started suddenly 
ten weeks before admission, following an attack of severe acute epigastric pain 
had lost considerable weight and complained of great weakness The week 
hetore admission his general condition was definitely worse, the appetite had 
tailed, marked constipation had developed, and weakness had become extreme 
iie had been nauseated and just before admission vomited once He looked 
quite sick Except for marked emaciation and definite hyperpnea physical 
examination showed nothing important His mouth was not partmularirdry 

S stupor His weight was 103 pounds (46 7 kg) 

The systo he blood pressure was 124, the diastolic 86 The admission snentSen 
of unne showed a slight trace of album.n, cons.derable sagar and aceSe Tnd 
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a negative sediment The blood showed 5.500.000 red blood ceUs and 11.200 
leukocytes The blood plasma before treatment revealed a moderate hpemia 
%vhich had cleared by the next examination 

He was admitted to the hospital on the evening of Feb 8, 1924, and received 
nothing but non-nutnent fluids over night The first blood and urine were 
obtained the next morning before treatment was started He was put on a 
diet at once During the first five days part of the carbohydrate was given as 
orange juice February 9, he was given 50 gm of protein, 150 gm of fat and 
110 gm of carbohydrate with 90 units of insulin The fluid intake was 3,400 c c 
On the following morning there was evidence of definite improvement 
February 10, he received 50 gm of protein, 150 gm of fat and 145 gm of carbo- 
hydrate with 35 units of insulin The fluid intake was 3,500 c c By the end 
of this period there had been considerable improvement He was discharged 
at the end of one month aglycosuric, on a diet of 50 gm of protein, 200 gm 
of fat and 100 gm of carbohydrate, without insulin 

Following discharge from the hospital the patient did fairly well After 
a few days insulin had to be resumed At first from 10 to 20 units each week 
was sufficient but after several months his requirement had gradually increased 
to 40 units daily The diet had remained constant except for occasional indis- 
cretions Later it appears that he became somewhat careless about his diet 
and four days before the second admission stopped taking insulin The night 
before admission there was a sudden onset of nausea and vomiting followed 
by intense abdominal pain Vomiting continued up to the time of admission 
He was emaciated and greatly dehydrated Respirations were almost maximum 
in depth He was somewhat stuporous and not clear mentally The mucous 
membranes were slightly cyanotic The pulse was rapid and thready The 
systolic blood pressure was 112, the diastolic 85 , the temperature was 99 F 
The abdomen was held tense but nowhere showed definite spasm The admis- 
sion specimen of urine contained considerable sugar and acetone, a large amount 
of albumin and many coarse and fine granular casts Examination of the blood 
showed 5,600,000 red blood cells and 30,000 leukocytes The condition seemed 
very grave and the abdominal symptoms were so marked that surgical operation 
was seriously considered 

He was admitted to the hospital the second time at 1 45 p m, November 10 
Soon after admission he was given 1,000 c c of physiologic sodium chlorid 
solution and 500 c c of 5 per cent glucose by hypodermoclysis, with 40 units of 
insulin Four hours later the abdominal pain had subsided and vomiting stopped 
For the next four hours he was given 50 c c of orange juice every half hour 
wuth a total of 60 units moie of insulin From then until 5 pm, November 11, 
he received 25 c c of orange juice, 25 c c of water and 2 5 gm of lactose every 
half hour with an additional 160 units of insulin Twelve hours after admission 
he showed considerable improvement, hyperpnea had practically disappeared 
November 12, a diet containing 50 gm of protein, 150 gm of fat and 100 gm 
of carbohydrate was started He was discharged from the hospital on the 
twenty-fifth day requiring 60 units of insulin daily 

Case 7 ^A Jew, aged 37, entered the hospital with a history of polyuria, 
po y weakness and loss of weight during the previous three years 

lere ad been a recent marked exacerbation of symptoms with a cold and 
ou c otdis media He was of unusually small stature, extremely emaciated 
and markedly dehydrated On admission both ear drums had ruptured and 

ere was a marked rhinitis The respirations seemed somewhat increased but 
tile plasma carbon dioxid was normal The urine contained a trace of albumin 
a arge amount of sugar and acetone , microscopic examination was negative 
unc protein, 100 gm of fat and 50 gm of carbohydrate 

firQt ana ^ Improvement was rapid During the two days between the 

and the second blood examinations, he received 150 units of insulin and 
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(though not advised by the attending staff) 40 gm of sodium bicarbonate He 
was discharged later on a diet containing 50 gm of protein, 175 gm of fat and 
100 gm of carbohydrate with 45 units of insulin dailj 

C\.SE 8— A man, aged 28, was admitted to the hospital after about four 
months of diabetic symptoms These symptoms had developed suddenly about 
three Aveeks after an acute upper respiratory tract infection Polyuria and 
polydypsia were marked, and he had lost considerable weight and strength 
There had been no particular change in the general condition duiing the few' 
weeks before admission There w'as a marked famih historj of obesity but 
the patient w'as a very small man, liis average weight being from 110 to 115 
pounds (499 to 52 1 kg ) On admission he was extremely emaciated, weighing 
only 65 pounds (29 5 kg) He w-as mentally clear and not drowsy There 
was no cyanosis The mouth was somew’hat dry The respirations were slightly 
but definitely increased in depth The lungs were clear and the heart negative 
The liver edge was palpable 1 inch (2 5 cm ) below' the costal margin The urine 
showed a very slight trace of albumin, conaiderable sugar and acetone and 
nothing important in the sediment 

He started at once to take a diet containing 50 gm of protein, 150 gm of fat 
and 100 gm of carbohydrate During the first twenty -four hours he received in 
addition 600 cc of orange juice and 130 units of insulin Rapid improvement 
followed and he was discharged four weeks later on a diet containing 60 gm 
of protein, 175 gm of fat and 110 gm of carbohydrate, requiring 25 units of 
insulin daily 
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Advances in the treatment of Addison’s anemia m the last few 
years are so full of promise that it is now of more importance than 
ever to make an early and decided diagnosis of this disease If the 
full benefits of the newer treatment ^ are to be obtained, the diagnosis 
should be made at least early in the first period of anemia Indeed, in 
some cases it is possible to make the diagnosis so early, even before the 
anemia is apparent, that it may not be in vain to hope that at times the 
disease as we now know it may be entirely prevented 

It IS to aid in the more exact differentiation of the anemias that this 
work IS presented, for it is believed that careful measurement of the 
red blood cells helps materially in such differentiation This thesis was 
presented originally by Price-Jones in England,^ was later enlarged on 
by Shackle and Hampson,® and more recently by Hurst ^ and his 
co-workers To the present time, however, little has appeared m the 
American literature on the subject, and no “red cell diameter curves” 
have been published Capps ® in 1903 measured the diameter in a num- 
ber of diseases, but his notes on technic are incomplete, and he drew 
up none of the curves later devised by Price-Jones 

In this paper is described a simplified technic for the measurement 
of red cells and for the construction of the curves , curves are shown 
from normal subjects, from patients with Addison’s anemia, from 
patients with secondary anemia, and from patients with a few other 
diseases, and the conclusions that one is forced to adopt fiom this work 
are indicated 

The ingenious method for recording the diameters of red cells 
devised by Price-Jones is shown by the curve in Figure 1 The solid 
line IS a reconstruction much reduced of the normal curve recorded 
by Price-Jones on the measurement of 10,000 red cells in twenty nor- 


1 Hurst, A F Medical Essays and Addresses, New York, Paul B 
Hoeber, 19^ Vanderhoof, D The Etiologic Relation of Achylia Gastnca to 
Combined Sclerosis of the Spinal Cord, Arch Int Med 32 9S8 (Dec ) 1923 
ricc^ones, C The Diameter of Red Cells in Pernicious Anemia and 
in Anemia Following Hemorrhage, J Path & Bacteriol 25 487 (Oct ) 1922 

, I W, and Hampson, A C Megalocytic and Nonmegalocytic 

Anemia, Gu\’s Hosp Rep 74 193 (ApriD 1924 

4 Hurst (Footnote 1) 

5 Capps, T A A Study of Volume Index, J M Res 10 367, 1903-1904 
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,ml subjects The oidmates show the diameter of the cells in 
e abscissa the number of cells of each diflerent diameter At a 
rfLe one can see the largest and the smallest cells eiicoiinteied in a 
Lead (i e, the degree of aiiisocytosis), the frequency with wiici a 
pLicular siae occms, and the position of the peak of the ciiive. winch 
corresponds rathei accinately with the average diametei 

TECHNIC 

The technic foi measuring the diameter of the cells as described by 
Pnce-Jones and as modified by Shackle and Hampsoii is exceedingly 
difficult to accomplish It consists essentially of piojectmg the micro- 
scopic field eithei by means of a caineia lucida or a projecting 
microscope to a scieen, on which the image of the cell is eithei mea- 
sured diiectly or its outline drawn and the outline measuied Two 
diameteis are measured on each cell, the average taken, and a curve 
drawn from the aveiage diameteis of 500 cells Such a piocedure is so 
laborious and time consuming that it is baldly piactical foi use in 
clinical medicine 

The procedure used in this work was dcA ised before we knew the 
technic of the English workers Oui measuiemenls weic made b> 
means of a Leitz ocular micrometer This is a glass disk, on which is 
engraved an arbitrary scale of fifty divisions, which fits into the ocular 
of the microscope so that the image of the scale focuses on the image 
of the blood film on the microscope stage The scale is first calibrated 
for the particular set of lenses and tube length to be used, bj means 
of an object micrometer, a slide on which aie engraved lines a lv.nown 
distance apart 

When the value in microns of the divisions of the scale of the 
ocular micrometer is known, one is ready to pi oceed with the measure- 
ments A blood film is brought into focus Two or three cells lying 
on the scale are measured to fifths of a space The slide is moved a 
short distance by the mechanical stage, and the two or thiec cells that 
happen to he on it again aie measuied As the measuiements aie 
made they are called off and an assistant maiks off a space for each cell 
in the proper column on cross-iuled papei In tins way a curve is 
built up as the count proceeds When 200 cells are measured the final 
curve IS diawn by connecting the heads of the columns, and then a 
scale is drawn in showing the value of each column m microns To 

determm numerical average diameter of the cells is 

wJhl “ay be criticized m a iiumbei of lespects 

Ue have no doubt sacrificed accuracy for practicability to some extent 
oui results agree so closely with the results of the English workers 
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that we feel that this procedure, by which a red cell diameter cmve 
can be made with about the same expendituie of time and labor as a 
differential white count, warrants consideration 

It uill be noted that we measure only one diameter in each cell 
instead of avei aging two This necessitates selecting round cells for 
measurement, foi it is obvious that oval cells would give incorrect 
values No doubt selecting just the lound cells causes certain inaccu- 
racy, but the error probably works m both directions and tends to 
neutialize itself 

Even averaging two diameters does not, as Capps points out, give 
a pel feet picture of the size of the red cells, which are, of course, three 
dimentional bodies The thickness of the disks no doubt varies and 
mai be of some clinical significance Capps feels that the volume of 



Fig 1 Author s normal red cell diameter curve compared with that of 
Price-Jones 


the red blood cells can be measured accurately by his method of esti- 
mating the index volume” In the strict sense our cuives aie not 
lolume cuives but diametei curves This does not, however, invalidate 
the conclusions that may be drawn from the red cell cuives or then 
significance in differential diagnosis 

Our method of sampling is possibh less accuiate than if we mea- 
sured all the cells in a given field One could, of couise, make the 
curves entirely inaccuiate if one measuied only the large cells or only 
le snia ce s, but successive counts on the same slide give curves that 
are so similar that we feel a reasonably accurate sample is obtained if 
one moves quickly acioss a slide and counts all of those round cells 
tiiaf happen to fall on the micrometer scale 
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Two hundred cells do not, of coutse, give “ 

sample as the 500 that the English wotkeis ase I ‘ 

estimated that accoidmg to statistical >""« mi cuoi ot ^ ^ "“'™j 
be expected if 500 cells aie counted, 0 32 microns if -00 ce ls . 
counted In piactice oui variations have not been this much In 
measuring tivo sets of 200 cells each on the same slide our mean 
diameters have not been more than 03 micions apail, a thflcicncc t la 
we feel is not of enough impoitance to warrant measmmg more ce Is 
Measuring 500 cells is a difficult task even with the simplest tcchnic 
It cannot be accomplished at one sitting and tends to make the pioccduie 
impracticable for clinical use Two hunch ed cells can. how cvci , he mea- 
sured in from ten to fifteen minutes aftei a little expciicncc 

The best argument foi the foregoing pioccdure is the fact that our 
curves agree so closel} with those of the English rvoikers In Figure 1 
and all succeeding figures, the broken line represents our normal curre 
obtained from the measurement of about 4,000 cells m nineteen normal 
subjects, reduced to 200 cells It will be noted that the contoui of the 
curve conesponds quite closely with that of Price-Jones Tlic two 
limbs of our curve, however, are to the right of the hmhs ot the Piicc- 
Jones curve, which makes out aveiage noimal chametei 7 42 micions 
instead of 7 21 microns 

This bungs up one of the most impoitant and difficnll pails of the 
procedure no matter what technic is used, i e , cahbiating tlic miciome- 
ter scale Whether one measures the cells diiectly by means of an 
ocular micrometei oi rvhethei one measures the diametci of the pro- 
jected image by means of a millimeter rule, one must fiist cahbiatc the 
scale used with an object miciometei in oidei to determine the value 
of the divisions of the scale m micions One cannot depend on the 
theoretical magnification of a certain set of lenses at a ceitnm tube 
length and reduce the reading by this magnification 

We calibrated our miciometei with a Zeiss Objcktmikioinctei on 
which aie engraved lines 001 mm apart, with two counting chambeis 
on which the double ruled lines are 25 microns apait, and with a slide 
engraved by Queen and Company m 0 001 inch These slides crave 
sightly different readings It is obvious that only one leading can be 
correct, but as a matter of fact some vaiiation w^as found on different 
parts of each slide The Zeiss Objektmikiometei , for instance, at one 
pom showed five spaces of the ocular micrometer (winch is about 
the diameter of the average red cell) equal to 7 58 micions. at anothei 

point gave five spaces m the oculai equal to 7 16 microns, at another 

I Paft & eiSof 23 
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7 36 micions In order to oveicome this variation ten leadings were 
taken on each instrument and the results aveiaged We appieciate the 
fact that this does not coriect this important souice of erroi entirely, 
but we know of no moie accurate method When we first calibiated 



Fig 2 — More extreme types of curve obtained from normal subjects 



,, tjpical cur\es from cases of Addison's anemia compared with 

^ "’dth of the cur\es, their irregular character, and that 

tiiir, ^ ’■'ght of the normal, making the average diameter larger 

than normal, should be noted 


our ocular micrometer the average of all measuiements showed five 
spaces to equal 7 245 microns On finding that the aveiage diametei of 
le rer ce Is m oui normal spreads was consistently largei than that of 
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PnrP- Tones we repeated this calibration carefully and obtained practi- 
cally fdentwal results (7 252 microns) We have no doubt that the 
English workers appreciated the impmtance of accuiate 
that then work was caiefully done, but we record our cunes 

“'’mus work a Zeiss No 4, 10 X ocular was used with a Zeiss Me 
Oil immersion objective, N A 1 25, tube length 160 nim e mea 
sured a few spreads by inci easing the tube length until one space in the 
ocular micrometer equaled 1 micion This would simplify to some 
extent the making of the curves, but the difficulty is to find the tube 
length at ivhich one space equals 1 micron With the instruments at 
hand rve did not feel satisfied with this procedure, and abandoned it in 
fa\oi of the procedure given abore 


NORMAL CURVE 

As noted above, rve have detei mined the average normal diamelei 
as 7 42 microns , Pnce-Joiies determined it at 7 21 microns , Shackle 
and Hampson as 7 23 microns, and Capps as 7 65 microns Our normal 
spreads were unselected as to age, sex and time of daj Pnee-Jones ® 
showed a very definite, athough n regular diurnal vai ration m the a\er- 
age diameter (6) , amounting at times to as much as 0 6 microns Since 
m clinical medicine, hoivever, spreads are ordinarily made at any time 
of day, we used the same procedure in this -work 

Of more importance than the average diameter in a laigc group aie 
the extreme types that may be legaided as normal For this leason 
Figure 2 is given showing the variations encounteied in normal spreads 
It rvill be noted that the average diameteis vary from 7 IS microns to 
7 70 microns These are simply the laigest and smallest diameters 
found m our noimals, and no doubt slightly larger and slightly smaller 
diameters will be found in noimal peisons on fuitbei seaich But the 
charactei of the cmve is to be noted as w^ell as the position of the peak 
The greatest difference between the largest and the smallest cell in any 
spread is 3 2 microns, i e , thei e is little anisocylosis , the rise to the 
peak IS abrupt, and the fall also, and the peak is \vell defined and occurs 
about at the average diameter These aie the charactei islics \ve shall 
look for in examining the subsequent cuives 


ADDISON S ANEiSIIA 

The most stnkrag vanation fiom the noimal occurs, as one imoht 
expect m Addison's anemia (Fig 3) Here there is a wide cu™ 
extending over 7 to 11 micions due to the great anisocytosis Theie is 
no well defined pealt, but occasionally two or three peaks occm, while 

increased These characteristics occur m Addison's anemia regardless 
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of the stcige of the disease Figure 4 shows two curves fiom a case 
during remission The curie moie nearly noimal was made when the 
hemoglobin was 90 per cent and the patient looked and felt perfectly 
well At the same time theie is considerable anisocytosis and the cuive 
IS pushed well to the right of the normal, making the aveiage diametei 
8 6 microns instead of 7 42 microns 

It IS probably in the early differentiation of Addison’s anemia fiom 
secondaiy anemia that this procedure will be of greatest value Curve 
A in Figure 3 illustrates this point This is from a woman of 62 years 
who complained of weakness, shoitness of breath on exertion, and loss 
of appetite If any pallot had developed recently, it was obscured by 
the fact that she had always been fair and had had white hair for years 
Examination showed her well overweight, with a model ate artenosclero- 



Fig 4 — ^Addison’s anemia in remissions the curve approaches normal, but 
still remains to the right of it 

ns, hypei tension, and cardiac enlargement Her hemoglobin was 75 
' per cent , and spreads on oi dinary examination looked practically nor- 
mal Nothing else of any consequence was found and we were about 
to make a diagnosis as indicated above, which would have explained 
the clinical picture satisfactorily, but decided to wait for the red cell 
curve This showed a very striking variation in the size of the red 
cells, much more than one would expect from merely looking at the 
spreads, with the average diameter increased to 8 70 microns Subse- 
quently, complete absence of hydrochloric acid was found in the gastric 
juice, completing the evidence that this was undoubtedly an early case 
of Addison’s anemia 
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SECONDARY ANEMIA 

In oeoonimy anemia, whethei due to mfection, 
mnwNi the cmves while not so stiikmg, aie chaiacteiistic i 

aniaocytosls .s neve, so great as .n Acltl.son's — ^nd e 
aveiage d.amete. .s always either within noimal limits oi smaller 



Fig 5— Two typical curves from secondary anemia, curves are pushed to 
left of normal, making average diameter smaller than normal 
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Fig 6 —Two curves from same case of secondary anemia, while the 

average diameter is within noimal 

normal Two typical examples aie shown m Figuie 5 It is impoitant 
to note that the decrease in the average diameter is not propoilional to 
tie decrease in the hemoglobin A very severe anemia may show led 
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cells of normal or nearly normal diameter, but the important point is 
that the average diametet is never larger than the nomal and nevei 
approaches even the smallest average diameter found in Addisons 


anemia 

In tins connection the most puzzling spreads which we encountered 
are those shown m Figure 6 They are from a man aged 46, who 
was brought to the hospital m coma A history was obtained of at 
least two periods of severe anemia with fever in the last three years, 
and of loss of blood from hemorrhoids for the last four to six years 
His hemoglobin on admission was 27 per cent , red cells totaled 
1,224,000, white cells, 2,600 A temperature of from 100 to 103 
degrees continued fiom three to four days, gradually subsiding 
Later a test meal showed no hydrochloric acid in the gastric juice His 



Fig 7 — Curves from two cases of posterior lateral sclerosis with achylia 
but without anenua These curves are essentially normal 

spreads showed considerable anisocytosis and poikilocytosis and the red 
cells looked about normal in color 

Here was conflicting evidence, the pievious periods of anemia with 
fever, the achlorhydria, leukopenia and superficial examinations of the 
blood spreads indicating Addison’s anemia, the history of prolonged 
hemorrhage indicating secondary anemia Measurement of the red 
cells on several occasions, both while the anemia was at its worst and 
alter the hemoglobin had been brought up to 70 per cent , showed the 
average diameters of the red cells to be 7 6 microns as shown m Figure 
5 As this IS about the upper limit of normal, it still remained a ques- 
tion whether this was a secondary anemia with a large normal diameter 
or an Addison’s anemia with a diameter approaching normal A¥ere it 
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an Addison’s anemia, however, there seems no doubt that at least when 
the hemoglobin was down to 27 per cent the average diameter would 
have been veiy definitely above normal and the degree of anisocytosis 
would have been much greater than it was Whethei the achlorhydria 
played any pait in the production of the anemia is not entirely certain, 
but with the foregoing evidence it seems reasonable to suppose that the 
anemia was not of the Addisonian type but was secondary to the pro- 
longed hemorihage 


POSTERIOR LATERAL SCLEROSIS 

Curves from two cases of posterioi lateial sclerosis without anemia 
are shown in Figure 7 because of the close association of the disease 
with Addison’s anemia One of these patients had been under tieat- 
ment for two yeais and was practically symptom free when the spieads 
were made Both cases had an achlorhydria The diametei curves are 
essentially normal It will be interesting to see whether these patients 
develop any anemia in the future and whethei the curves change 

CONCLUSIONS 

A technic has been desciibed for the measurement of the diameter 
of red blood cells and foi the construction of diameter curves which is 
sufficiently accurate for clinical purposes and sufficiently simple to be 
used in a routine manner in examining any questionable blood spread 

The diametei curves are of value in the differentiation of Addison’s 
anemia in all its stages and of secondaiy anemia 
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Man IS born with at least twice as much kidney tissue as he requires 
This fact IS pioved by the health of numerous persons who have sus- 
tained unilateral nephrectomy Probably this wide margin of safety in 
the matter of surplus kidney substance has intimate relation to the diffi- 
cult) of diagnosis of renal disease m its earlier or milder stages So 
tar as meeting the necessary demands for excretion it would seem to 
be an indifterent matter whether one kidney be removed or half the 
elements of each kidney be destroyed by disease 

For the purpose of the present study we are ignoring certain impor- 
tant features of nephritis, namel), evidence that the disease is constitu- 
tional rather than confined to an organ, that its tendency seems 
progressne, that connective tissue growth in healing within an organ 
produces ot itself an extension of destruction of organic elements But 
in the earl) stages of nephritis, at some time before symptoms of any 
kind are manifested, diagnosis depends to a considerable extent (though 
not exclusively) on signs of congestion m the kidney (albuminuria, 
casts, blood, etc ) or on evidence of impaired renal function And it is 
because of the equnocal significance of albumin and casts in the urine 
tliat the modern tendency is to attach greater weight to tests of function 
For example, in the case of a man of 40, whose first intimation of 
unsound health comes as a i ejection for life insurance on account of 
albuminuria, it is often very difficult to determine that albuminuria is 
due to nephritis, yet the probabilities are that it is ^ The usual func- 
tional tests in such cases are normal and yield no data for diagnosis 
The explanation for a normal response to tests in cases ultimately 
pio\ed to be nephritis in after )eais may be that the extent of disease 
does not transgress the margin of safety, which is to say that the amount 
of normal tissue is adequate to meet the demands of oui tests 

It has been suggested by Addis that some of the deficiencies m 
methods of diagnosis may be orercome b) making use of functional 
tests that impose more strain than is the case with the usual tests In 


■yr ^5°!? diMsion, New York Hospital, and Cornell University 

Medical College 

1 Insurable persons having a faint trace of albumin at the age of 40 or 
from nephritis which is ten times the normal, with a 
ammirnc death rate is about thirty times the normal, with large 

amounts of albumin and casts the rate js about fifty times the normal Dublin, 
kb Am J H>giene 1 301 (May) 1921 
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nnnciole I think this idea is sound And it is ceitainly tuie that m 
Lny caLs of quite definite nephritis the lesponse to such functional 
tests as phenolsulphonephthalem excietion, the concentration tests of 
Mosenthal and of Chiistian, the concentiation of inea in the mine oi in 
the blood, are all within the accepted zones of normal The majoiity ot 
these cases, however, fail to attain normal standards when tests that do 
impose considerable strain are used Tests that come within the last 
category aie the water excretion test of Volhard “ and the concentration 
test'^as modified by Addis ^ The defect in the water excretion test is 
due to the fact that renal function depends on the general circulation, 
hence on the integrity of the heart, but in the class of case in which 
the test is of most use, namely, in apparently healthy persons, this 
imperfection is not of serious moment It is moreover supplemented by 
the concentration test In the rvork of loutme diagnosis these trvo tests 
have been found of great value The experience affoided by more than 
200 '‘'early’’ cases suggests that while neither test alone is infallible the 
results of both together accord well with the later progress of the case 

With the restrictions and assumptions already mentioned, the ques- 
tion then arises as to what extent of injury of renal elements must 
occur before functional limitation can be detected Specifically, is it 
possible to impose sufficient strain to disclose a limitation of functional 
response when the person has only one kidney, i e , half the normal 
amount of functioning elements^ 

In selecting cases for test we have used only younger peisons, since 
in any one over 40 there is the possibility of degenerations incident to 
age or vascular disease These tests have in all cases been conducted 
rvithm three weeks after the removal of the diseased kidnc}" This was 
done m order to exclude the possibility of the eftect of hypeitiophy of 
the remaining kidney, although it is generally believed that hypei ti ophj'’ 
occurs only when one kidney is removed in early life All of the cases 
reported had been studied with great care before operation and in none 
was there evidence of disease in the kidney that was left in situ These 
tests included catheterization of the ureters and examination of the 
urine from each kidney, response to dye tests, etc But since the most 
meticulous study cannot exclude tuberculosis of the kidney, the two 
cases of nontuberculous disease are most important (Cases 2 and 7) 
The blood chemistry and phenolsulphonephthalem excretion were nor- 
mal in all these cases after operation 

First we shall consider the response to the concentiation test = 
jmng^s test the patient was allowed no liquid for twenty-four 

3 Addis. T, and Drury, DR J Biol Chem 55 105 (Feb) 1923 
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hours, no water, milk, soup, tea or coftee He received the usual full 
"‘house” diet with these exceptions The test commenced after break- 
fast on the first day and continued till breakfast the second day Each 
voiding of urine ivas collected and tested for specific gravity ^ Especially 
significant were urines passed during the night and early morning at 
the end of the period During the latter hours of this test the majonty 
of normal persons void urine of a specific gravity of 1 030 or 1 034 
With a small minority the concentration does not go higher than 1 024 
or 1 026 In this series of patients with one kidney, only one responded 
to this test in a way that is undoubtedly normal (Case 7) The kidney 
was removed in this instance on account of an infection following an 
injury The highest specific gravity in Cases 2 and 8 was 1 028, which 
may be normal 


Svmmaiy of Tests of Renal Function 
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The water excietion test^ is conducted as follows In the morn- 
ing before breakfast the patient is given 1,500 cc of water which he 
drinks in the course of half an hour The bladder is emptied before 
the test and all of the urine is collected thereafter for four hours Nor- 
malh more than a liter is excieted during this interval In only two 
cases (Cases 3 and 4) was the result below a normal standard It is 
perhaps surprising that the average is not lower in the series since it 
would seem that if m any relation the amount of tissue influences the 
resii t it would be apparent m this test And in cases suspected of 
nephiitis on account of albuminuria this test more often than any other 
one test is apt to indicate defective function 


4 The concentration of urea was estimatci 
nortnil or aboie in nil On the concentration o1 
lor diagnosis 


m many cases also, it was 
urea especially McLean relies 
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By studymt: the effects of changes m blood-urea concentiation on the 
late of urea excretion, Addis and Drury came to the conclusion that 
for special conditions the latio ^ 

Wide lange of blood-urea concentiation 

In applying this pimciple to clinical study two essential conditions 
aie required (1) The kidney should be placed under circumstances 
that call for gieat activity in urea excretion, (2) theie should be an 
absence of certain specific lenal stiniulants and depressants The tests 
in this series have been done in the same niannei as desciibed by Addis 
Since in our series the urea of the blood was normal, 30 gm of uiea 
was the dose given in a liter of water The hourly specimens of urine 
and the samples of blood were taken with caie and analyzed foi the 
uiea content Addis found the latio in noimal adults to average 504 
Ratios between 34 and 40 aie within a zone of doubtful inteipretation, 
but ratios below 34 are abnoimal It is at once noted in our senes that 
in no case does the function of one kidney as expressed in the latio 
reach the level of aveiage noimal, namely 50 But if the average weight 
of the single kidney in these cases is 150 gm the theoietical ratio would 
be 25 This figuie is consideiahly exceeded iii four cases (Case 2, 36, 
Case 4, 34, Case 6, 36, Case 9, 35) In Cases 4 and 9 the latio was 
detei mined again after an inteival and the second lesult is of interest 
since it would indicate an enoimous inciease m the functional abiht}^ of 
the kidney Two possible explanations suggest themselves for this 
improvement the kidney might have hypertrophied, though tins is not 
supposed to occui in adults, or at the time of the fiist observation the 
kidney might still have been affected by toxic depression — disease of 
one kidney is believed to induce this in the othei In both patients theie 
had been a decided improvement in general health at the time of the 
second obseivation, possibly this was a factor But the explanation for 
the fact must be left to conjectiiie 

When lesults of the tests of each patient aie considered, not sepa- 
rately but togethei, as a whole fiom which some soit of general impies- 
sion should be gained, the impiession is, m two cases at least (Cases 2 
and 6), that even these tests which impose severe stiain have failed to 
indicate that the reserves of lenal function have been fully detei mined, 
or, m other words, the deciease in lenal tissue in a peison with one 
kidney is only doubtfully levealed by these tests when the findings aie 
compared with those of a noimal subject And the only test that shows 

consistently that theie is a limitation of function is the ratio aftei <uvins 
urea ^ ^ 


I, It Mfd^O A-” 
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If we are to depend to any extent on tests of function for the detec- 
tion of lenal disease (and at' present there is no alternative) then it 
seems important to know whether any test can so tax the maximum 
eftort of the organ that a loss of half its functioning tissue will be 
evident This question is vital to methods of diagnosis as applied to 
the less advanced stages of renal degeneration 

In the somewhat artificial conditions imposed by this study it has 
been necessaiy to ignore considerations that are possibly of great impor- 
tance clinically While some diseased kidneys appear to be a result of 
disci ete areas of degeneration, the neighboring structures remaining 
healthy, this is not invariably the case It may happen that all portions 
of diseased kidney appear abnormal, the differences in various areas being 
m the degree of departuie from the normal Now it is impossible to 
predict or even to surmise to what extent even the most trivial change in 
a cell group will alter the function of these cells And wlule the results 
of study of pel sons with only one kidney emphasize the limitations of 
diagnostic methods in the recognition of nephritis they also suggest that 
caution must be exercised in endeavors to estimate the amount of tissue 
still capable of function 
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It has been known for a long time that diabetes melhtus is a disease 
characteiized by a greatei severity m young people than in peisons at 
or beyond middle age In young patients thiist, excessive diuresis 
and loss of weight ate piominent symptoms, standing in shaip contiast 
to the relative or absolute comfort enjoj^ed by older people Exsiccation, 
acidosis and coma occur frequently, while in older patients they are 
usually secondary to some definitely assignable cause, such as acute 
dietary indiscretion, the onset of an acute infection or cerebral hemor- 
rhage In an elderly patient it is usually only after some similar mis- 
management or accident that the disease runs an acute course 

Polyuria and exsiccation aie always associated with the seveie form 
of the disease, but they are eithei inconspicuous symptoms oi are 
absent altogether in the milder foims It would seem then that diuresis 
and renal permeability must exeit an important influence in detei min- 
ing the course If so, all cases of severe diabetes, regardless of age, 
should show evidences of tissue and blood dehydration All cases of 
diabetes in young persons should show moie evidence of tissue and 
blood dehydration than occurs in the elderly Eldeily patients should 
be expected to exhibit scarcely any evidence of dehydration, perhaps 
none at all in the absence of polyuria I have tried to show that these 
suppositions aie correct 

The presence or absence of tissue exsiccation has been estimated by 
clinical observations of the mucous membranes, skin and subcutaneous 
tissues Anhydremia and hydremia have been determined by measuring 
the relative volumes occupied by serum and by erythrocytes m seiial sam- 
ples of defibrmated blood This has been done by means of the elec- 
trical conductivity measuiements of the whole blood and of its serum 
From these the relative volumes weie calculated by means of the rela- 
tion developed by Stewart ^ All conductivity measurements have been 
corrected to 5 degrees C , and are reported as specific conductivities, that 
IS, KXIO^ at 5 degrees C The erythrocyte counts were all made m 
duplicate, with the same pipet and counting chamber All counts that 
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showed a. variation of moie than 250,000 were discarded In each 
instance the aveiage of the two counts was used for the final figure 
These were all made on defibrmated blood Blood sugar determinations 
were made by the method of Folin and Wu ^ 

It must be understood that all statements pertaining to the relative 
blood volumes refer to conditions existing in the circulating blood of an 
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CHANGES IN YOUNG PATIENTS 

In young patients not midei tieatment it has been found that 
hyperglycemia invariably pioduces an increased concentration of the 
blood The initial blood sample, taken on admission to the hospital, 
has always been more concentrated than any succeeding sample When- 
ever erythrocyte counts have been made, they have always been higher 
in the first sample Unless the patient is anemic, the relative volume of 
serum has always been less than the normal in the fiist sample, inci easing 
toward the normal as the patient becomes moie and more under the 
influence of dietetic management and insulin tieatment Then, m some 


Tablt: 1 — Blood Conccntiadon Changes in Young Diabehc Patients 
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42 2 


0 38 
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cases, the gross viscosity of the blood is visibly decreased These 
changes are well shown in the data from the cases presented in Table 1 
and also in Figure 1 

Excessive diuresis was piesent in each case Every patient was 
markedly underweight and, despite increased thirst and fluid intake, 
piesented dry mucous membianes and a harsh, dry skin 

CHANGES IN ARTERIOSCLEROTIC PATIENTS WITH ACUTE 
EXACERBATIONS OF DIABETES 

The data in Table 2 repiesent the same findings in all arteiio- 
sclerotic diabetic patients who were admitted to the hospital because of 
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acute dietar) indisci etions, acute infections or cerebral hemoiihage or 
thrombosis ' Here again, the conditions on admission indicated 
increased blood concentration If recovery occurred under treatment 
the blood concentration diminished, while if treatment was unsuccessful 
and the patient died, the blood became even more concentrated Fig- 
ure 2 illustrates a recovery 



Here, also, increased diuresis was a prominent symptom Emacia- 
tion was not observed but in every instance the mucous membranes 
and skin showed marked evidences of tissue dehydration 


CH'\KGES IN ARTERIOSCLEROTIC DIABETIC PATIENTS 

In this group, represented by the data in Table 3, the initial blood 
samples do not show an}' evidence of increased blood concentration 
On the contrary the majority of them indicate a blood dilution, and 



POSH AY— HYPERGLYCEMIA 

,n the lemainder the watei content of the blood appeals not to have been 
disturbed In these patients the response to dietaiy and insulin lieat- 
ment is a return fiom the initial dilution back toward the normal condi- 
tion, an mo ease in blood concenti alion (Fig 3) In some instances the 
gloss viscosity of the blood is Msibly increased after the hypcigliccmia 
has disappeared 

These patients did not suftei from thirst and pohuna, and thcie was 
only slight clinical evidence of tissue dehydiation In each case CNam- 
ination of the accessible peripheral arteries and of the ocular fundi gave 
unmistakable evidence of advanced ai tei losclerosis The latter also is 
true of the cases in Table 2 

Table 2 — Blood Couccnitatiou Changes m At Icno^clci ohc Diabcitc PafioUs 
Picscniiug Acute Exaccibations 
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That actual increase or decrease in the total number of erythrocytes 
was not a factor in this dilution is shown by the fact that when water 
balance had been restored, and the bloods remained at equilibiium so 
far as the relative blood volumes were concerned, the erythiocyte 
counts and the cell volume percentages corresponded to the normal 
average ratio found for all treated diabetic patients, whether young or 
old This IS 5,000,000 erythrocytes per cubic millimeter for 38 per 
cent relative cell volume ^ 


CHANGES IN DIABETIC PATIENTS LONG UNDER INSULIN 

TREATMENT 

When diabetic patients have been under constant dietary and insulin 
treatment for s.x months or longer, departmes from the normal blood 
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concentrations depend entirely on the blood sugar level at the time at 
which samples are taken If the food intake and insulin dosage are 
well balanced, so that the blood sugar does not rise much above 0 15 
per cent , excessive thirst and diuresis are absent and the relative blood 

TABhz 3 —Blood Concentration Changes in Ai tei losclerolic Diabetic Patients 
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Table 4 — Blood Concentration Changes w Diabetic Pafients 
Long Under Tieatment 
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Red Blood 
Cells m 
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per C Mm HeinarLs 

No arteriosclerosis 

6 7S0 

5 450 Child 

6 iTo No arteriosclerosis 
5020 

5 190 Slight arteriosclerosis 

4 840 

5 360 No arteriosclerosis 

4 720 

6 leo Young adult 
5560 

5 740 

5 210 Young adult 
5 710 
5 220 
5 950 

4 955 Young adult 
4 630 
4 700 
4 485 


tolumes are vithm normal limits In Table 4, Cases 24, 25 and 29 
show the results m this wi^ell balanced state 

If there is a departure from the normal blood concentration, the 
direction of the lanation seems to depend on the presence or absence 
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of aitenoscleiosis, with normal arteries there is an increased concen- 
tration, whereas in the presence of arteriosclerosis a blood dilution 
occurs In other words, dunng periods of unsatisfactory management 
there is a return from the satisfactory condition mentioned in the fore- 
going to that which classified the patient on admission Cases 30, 37, 38 
and 39 in the same table represent young diabetic patients m whom treat- 
ment was not satisfactory at the time In each instance the blood is 



more concentrated than the aveiage noimal Case 10 m Table 3 shows 
Trom to an arteriosclerotic diabetic patient dunng her absence 

om the hospital She became careless about her diet, developed a 

found^on'^rV’f 7 ^"^ 

lound on her first admission 
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In the event of mismanagement or infection all young diabetic 
patients will be reclassified into Gioup 1, and the amount of increased 
blood concentiation will depend on the degree of hypeiglycemia that 
lesults and the period of time during which the higher level is attained, 
the more rapid the increment m blood sugar the greater the increase m 
blood concentiation In the case of aitenoscleiotic diabetic patients, 
if the increment in blood sugar is lapid they will be reclassified into 
Gioup 2, but if it IS slow, they will fall into Group 3 

Thus the findings in this series of cases of diabetic patients suppoi t 
the hypothesis presented in the second paragiaph, and suggest the fol- 
lowing explanation An mciease m the concentiation of glucose in the 
blood aboie the aveiage upper normal limit causes water to be drawn 
into the blood stream, producing a state of hydremia If the patient 
has normal kidneys and blood vessels, glycosuria and polymia result 
and lead to tissue exsiccation, then to relative anhydremia or blood 
concentration, and eventually to seveie water loss and acidosis 'On the 
othei hand, if there is much arteriosclerosis, even though the blood 
sugai slowly inci eases to 0 30 per cent or 0 35 per cent, only a little 
glycosuiia oi polyuiia occuis oi even none at all, and the result is 
simply a lelativc hydiemia or dilution of the blood In young people 
the increase in fluid intake cannot keep pace with the increased output, 
but in aitenoscleiotic diabetic patients, even though there may be some 
gcneralmed tissue exsiccation, the fluid intake is sufficient to prevent 
blood dehydiation However, as I have alieady shown, if the rise in 
blood sugai occuis lapidly, all patients, regaidless of age or arterio- 
sclciosis, speedily become exsiccated 

CONCLUSIONS 

Diabetes mellitus produces marked changes in water distribution and 
m the total watei balance of the body 

1 he degree of these changes is modified by the magnitude of the 
In perglycemia and by the late of onset 

Then chaiactei and direction is modified by vasculai disease and 
lenal jieimeabihty 

Reduction of hypeiglycemia (oi the action of insulin) may produce 
cithei an mciease or a deciease in the concentiation and viscosity of the 

>ood The lesult m any given case depends on the antecedent watei 
content 
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Opotherapie endocrinienne Les bases phvsioeogiques, EES syndromes, la 
POSOLOGIE DE l’OPOTHERAPIE PAR LES GLANDES A ^rustrat^d 

Guy Laroche, Medecm des Hopitaux de Pans Pp 256, illustrate 
Pans Masson et Cie, 1925 


This volume deals with the general principles of organotherapy It contains 
one chapter on the chemistry and the processes of production of extracts ot 
animal tissues, one long chapter on the thyroid and thyroid disorders and 
their treatment , a brief chapter on parathyroids and the thymus , an exhaustive 
chapter on suprarenal disorders, and shorter chapters on the hypophysis, the 
testes and ovarian disorders and their treatment The chapter on the pancreas 
deals almost exclusively with insulin, and there is a short but sane chapter on 
the organotherapy of so-called pluriglandular syndromes 

The volume as a whole gives evidence that the author is familiar with the 
important literature in this field, although reference to this literature is meager 
The author further shows good judgment in most cases when dealing with 
the analysis and conclusions in fields in which great uncertainty still exists 
both as to etiology and therapy For example, in the chapter on the so-called 
pluriglandular disorders and their treatment, he wisely rejects the claim that 
it IS good therapy to give a mixture of glandular extracts because the body 
will pick out what it needs for its rehabilitation and reject the others The 
book may be read with profit by physicians 


OpOTHERAPIE CLINIQUE ORGANOTHERAPlE-rORMULAIRE. By MaRCEL LAEMMER, 

Pp 151 , brief index Pans Masson et Cie, 1925 

This volume is essentially -,a book of formulas of organotherapeutic prep- 
arations as used and endorsed by the author, and possibly by other physicians, 
111 many types of disorders The author lists organotherapeutic products not 
only from the recognized endocrine glands but also from organs and tissues 
like the pancreas, the liver, the salivary glands, the intestines, the stomach 
the cerebrum, the heart, the lungs, the bones, the muscles, the placenta, the 
bone marrow, the lymph glands and the mammary glands All of these, accord- 
ing to the author, have been used with therapeutic success in human disease 
He says, "It is sufficient to have employed with therapeutic success extracts 
of the heart, the cerebrum or tlie lung to establish then real theiapeutic value” 
‘‘Such clinical facts exist and let us accept them with joy, even though the 
way in which these results are obtained still remain obscure ” But so far as 
the reliable clinical literature today is concerned, the success of such therapies 
IS achieved on the principle of post hoc reasoning 

On Page 36 the author states as proved facts that the pancreatic secretion 
inhibits suprarenal activity , that the thyroid hormone inhibits the pancreas , 
that the thymic hormone inhibits suprarenal activity, and that the mammary 
hormone inhibits the ovaries Without much fundamental discussion the autlior 
on Page 72, gives several formulas of alleged organotherapeuties of value in 
the treatment of epilepsy One of these runs dessicated thyroid, dessicated 
parathyroid, dessicated ovary, with calcium carbonate 

On Page 102 the following formula is given for the treatment of constipation 
dessicated duodenal mucosa, dessicated ox bile, and powdered agar-agar For 
chronic nephritis and uremia he gives a mixture of dessicated thyroid, dessicated 
liver and dessicated heart (Page 117) 
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On Page 123 we are told that one may use successfully thyroid extract, 
suprarenal extract, ovarian extract and parathyroid extract for middle ear sup- 
puration On Page 132 the following- formula is given for the treatment of 
inoperable cancer dessicated thyroid, dessicated bile, dessicated liver, bone 
marrow, with manganese sulphate 

The volume seems totally unreliable as a guide for physicians The book 
might be understandable as a satire on the credulities and follies of ancient 
and modern organotherapy, but taken as a serious contribution to biology and 
medicine, one would have to look far for a monograph on organotherapy equally 
credulous and unreliable 
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